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H.  Benoe  Jones 
A.  W.  Hoffman. 

London, 
Augutt  20,  185A. 

(vii) 


ADVERTISEMENT 


TO  THB 


THIRD    LONDON    EDITION. 


The  correction  of  this  Edition  for  the  press  was  the  daily  occupa- 
tion of  Professor  Fownes,  until  a  few  hours  previous  to  his  death  in 
January,  1849. 

His  wish  and  his  endeavor,  as  seen  in  his  manuscript,  were  to 
render  it  as  perfect  and  as  minutely  accurate  as  possible. 

When  he  had  finished  the  most  important  part  of  the  Organic 
Chemistry,  where  the  most  additions  were  required,  he  told  me  he 
should  "  do  no  more,"  —  he  had  "  finished  his  work." 

At  his  request  I  have  corrected  the  press  throughout,  and  made  a 
few  alterations  that  appeared  desirable  in  the  only  part  which  he  had 
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PEEFACE. 


The  design  of  the  present  volume  is  to  offer  to  the  student  com- 
mencing the  subject  of  Chemistry,  in  a  compact  and  inexpensive 
form,  an  outline  of  the  general  principles  of  that  science,  and  a 
history  of  the  more  important  among  the  very  numerous  bodies  which 
Chemical  Investigations  have  made  known  to  us.  The  work  has  no 
pretensions  to  be  considered  a  complete  treatise  on  the  subject,  but  is 
intended  to  serve  as  an  introduction  to  the  larger  and  more  compre- 
hensive systematic  works  in  our  own  language  and  in  those  of  the 
Continent;  and  especially  to  prepare  the  student  for  the  perusal  of 
original  memoirs,  which,  in  conjunction  with  practical  instruction  in 
the  laboratory,  can  alone  afford  a  real  acquaintance  with  the  spirit  of 
research  and  the  resources  of  Chemical  Science. 

It  has  been  my  aim  throughout  to  render  the  book  bs  practical  as 
possible,  by  detailing,  at  as  great  length  as  the  general  plan  per- 
mitted, many  of  the  working  processes  of  the  scientific  laboratory, 
and  by  exhibiting,  by  the  aid  of  numerous  wood-engravings,  the 
most  useful  forms  of  apparatus,  with  their  adjustments  and  methods 
of  use. 

As  one  principal  object  was  the  production  of  a  convenient  and 
useful  class-book  for  pupils  attending  my  own  lectures,  I  have  been 
induced  to  adopt  in  the  book  the  plan  of  arrangement  followed  in  the 
lectures  themselves,  and  to  describe  the  non-metallic  elements  and 
some  of  their  most  important  compounds  before  discussing  the  sub- 
ject of  the  general  philosophy  of  Chemical  Science,  and  even  before 
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describing  tlie  principle  of  the  equivalent  quantities,  or  explaining 
the  use  of  the  written  symbolical  language  now  universal  among 
Chemists.  For  the  benefit  of  those  to  whom  these  matters  are 
already  familiar,  and  to  render  the  history  of  the  compound  bodies 
described  in  the  earlier  part  of  the  work  more  complete,  I  have  added 
in  foot-notes  the  view  adopted  of  their  Chemical  constitution  ex- 
pressed in  symbols. 

I  have  devoted  as  much  space  as  could  be  afforded  to  the  very 
important  subject  of  Organic  Chemistry ;  and  it  will,  I  believe,  be 
found  that  there  are  but  few  substances  of  any  general  interest  which 
have  been  altogether  omitted,  although  the  very  great  number  of 
bodies  to  be  described  in  a  limited  number  of  pages  rendered  it 
necessary  to  use  as  much  brevity  as  possible. 

GEO.  F0WNE8. 

UllIVB1l"ITT  COLLEOK,  LONDON, 

October  5,  1847. 
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MANUAL  OF  CHEMISTRY. 


INTKODUCTION. 


Thi  Science  of  Chemistry  has  for  its  object  the  study  of  the  nftture  and 
properties  of  all  the  materials  which  enter  into  the  composition  or  structure 
of  the  earth,  the  sea,  and  the  air,  and  of  the  yarions  organiied  or  living 
beings  which  inhabit  these  latter.  Every  object  accessible  to  man,  or  which 
may  be  handled  and  examined,  is  thus  embraced  by  the  wide  circle  of  Chemical 
Science. 

The  highest  effor^  of  Chemistry  are  constantly  directed  to  the  discoyery 
of  the  general  laws  or  rules  which  regulate  the  formation  of  chemical  com- 
pounds, and  determine  the  action  of  one  substance  upon  another.  These  laws 
are  deduced  from  careful  obseryation  and  comparison  of  the  properties  and 
relations  of  yast  numbers  of  individual  substances ;  —  and  by  this  method 
alone.  The  science  is  entirely  experimental,  and  all  its  conclusions  the  results 
of  skilful  and  systematic  experimental  investigation. 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of  life,  and  to 
the  relief  of  human  suffering  in  disease,  are,  in  the  present  state  of  the 
science,  both  very  numerous  and  very  important,  and  encourage  the  hope  of 
still  greater  benefits  from  more  extended  knowledge  than  that  now  enjoyed. 

In  ordinary  scientific  speech  the  term  chemical  is  applied  to  changes  which 
permanently  affect  the  properties  or  characters  of  bodies,  in  opposition  to 
effects  termed  physical,  which  are  not  attended  by  such  consequences. 
Changes  of  decomposition  or  combination  are  thus  easily  distinguished  from 
those  temporarily  brought  about  by  heat,  electricity,  magnetism,  and  the  at- 
tractive forces,  whose  laws  and  effects  lie  within  the  province  of  Physics  or 
Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a  compound 
nature,  being  chemical  compounds,  or  variously-disposed  mixtures  of  chemical 
'compound!,  capable  of  being  resolved  into  simpler  forms  of  matter.  Thus, 
a  piece  of  limestone  or  marble  by  the  application  of  a  red-heat  is  decomposed 
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into  quicklime  and  a  gaseous  body,  carbonic  acid.  Both  lime  and  carbozdo 
acid  are  in  their  turn  susceptible  of  decomposition,  the  former  into  a  metal, 
calcium,  and  oxygen,  and  the  latter  into  carbon  and  oxygen.  For  this  pur* 
pose,  however,  simple  heat  does  not  suffice,  the  resolution  of  these  substances 
into  their  components  demanding  the  exertion  of  a  high  degree  of  chemical 
energy.  Beyond  this  second  step  of  decomposition  the  efforts  of  Chemistry 
have  hitherto  been  found  to  fail ;  and  the  three  bodies,  calcium,  carbon,  and 
oxygen,  haying  resisted  all  attempts  to  resoWe  them  into  simpler  forms  of 
matter,  are  accordingly  admitted  into  the  list  of  elemmU ;  —  not  from  any 
belief  in  their  real  oneness  of  nature,  but  from  the  absence  of  any  sTidenoi 
that  they  contain  more  than  one  description  of  matter. 

The  partial  study  of  certain  branches  of  Physical  Science,  as  the  phyrical 
constitution  of  gases,  the  chief  phenomena  of  heat  and  electricity,  and  a  few 
other  subjects,  forms  such  an  indispensable  introduction  to  Chemistry  itself 
that  it  is  rarely  omitted  in  the  usual  courses  of  oral  instruction.  A  sketch 
of  these  subjects  is.  in  accordance  with  these  tiews,  placed  at  the  eommenM 
BMnt  of  the  present  toIubm 


PART   I.— PHYSICS. 


OF   DENSITY   AND  SPECIFIC  GRAVITY. 


_k  ia  of  great  ImportRDce  in  tLa  ouUet  to  underBtauil  clearly  what  is  meanl 
y  Ihe  term  deniily  and  apeeific  gravilj/.  B;  tbe  dtmily  of  a  body  is  meuit  its 
tnaiM,  or  juantily  0/  matler,  compared  with  the  mass  or  qoanlitj  of  matter  of 
to  tqual  voiunt  of  some  standard  body,  arbitrarily  chosen.  Sptafic  gravity 
denotes  the  viaighl  of  a  body,  as  oompored  vilh  the  veiglit  of  au  equal  bul^ 
or  Tolnme  of  tbe  standard  body,  which  ia  reckoned  as  unity,'  In  all  oases 
of  solids  and  liquids  this  standard  of  unity  is  pure  water  at  the  tentpernlure 
of  60°  Fahr.  (15°-6C).  Anything  else  might  haie  been  chosen;  tbere  is 
nothing  in  water  to  render  ita  adoptiao  for  the  purpose  mentioned  indispen- 
sable; it  is  simply  token  for  the  sake  of  convenience,  being  always  at  hand, 
and  easily  obtained  in  a  state  of  perfect  purity.  An  ordinary  expression  of 
specific  weight,  therefore,  ia  a  namber  eiplaining  how  nianj  timos  the  weight 
of  an  equal  bulk  of  water  is  contained  in  the  weight  of  the  substance  spoken 
of.  If,  for  eiample,  we  say,  that  concentrated  oil  of  liCriol  haa  a  specific 
grsTity  eqaal  to  1'86,  or  that  perfectly  pure  alcohol  has  a  density  of  0'794  at 
60°  F.,  we  mean  that  equal  bulks  of  these  tvo  Uquids  and  of  distilled  water 
possess  weights  in  the  proportion  of  the  numbers  1-85.  OTDl,  and  1 ;  or  18ltO, 
791,  fliDd  1000.  It  Is  necessary  to  be  particular  about  the  temperature,  for, 
as  will  be  hereafter  shown,  liquids  are  eitremely  expansible  by  heat;  other- 
wise a  cousCant  bulk  of  the  same  liquid  will  not  retain  a  constant  weight.  It 
will  be  proper  to  begin  with  the  description  of  the 
mode  in  which  the  specific  gravity  of  liquids  is  de-  Hg- 1. 

termjned :  this  is  the  simplest  case,  and  the  one  which 
beat  itlastrales  the  general  principle. 

In  order  to  obtain  at  pleasure  the  .specific  gravity 
at  any  particular  liquid  compared  with  that  of 
water,  it  is  only  requisite  (0  weigh  equal  bulks  at 
the  standard  temperature,  and  then  divide  the 
weight  of  the  liquid  by  the  weight  of  the  water; 
tbe  quotient  will  of  course  be  greater  or  less  than 
aniCy,  as  the  liquid  eiperimentod  on  is  heavier  or 
lighter  than  water.  Now,  to  neigh  equal  bulks,  of 
two  fluids,  tbo  simplest  and  best  method  is  clearly 
to  weigh  them  in  succession  in  the  same  vessel, 
taking  care  that  it  is  equally  full  on  both  occasions, 
•  condition  very  easy  of  fulfilmeDt. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck, 
is  prDour«<l,  of  the  figure  represented  in  the  mar- 
gin (fig.  I),  and  of  Buoh  capacity  as  to  contain, 
when  filled  (o  about  half-way  up  the  neck,  exactly 
1000  grains  of  distilled  water  at  60°  (15°'6CJ.     Such  a 
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le  of  thl  Italian  artiGcere,  to  be  faaGiI  in  erer?  Urge  lowflt 
e  ohcnp  th«rnionietera  Tor  eale.  A  couatorpuine  ar  Ibe  cimK' 
vciglil  of  the  cnipt;  boltle  is  made  from  a,  bit  of  bnts.  an  old  wergbt,  ot 
■amcthing  of  tbe  kind,  nnd  onrefuUy  adjusted  bj  filing;  an  easy  Ibb' 
bottle  is  than  graduated,  by  iiitroduaing  water  at  00°,  until  it  eiaetlj 
the  lOOO-grsin  weigbt  and  counterpoine  in  the  opposite  scale ;  tbe  heigbl  M 
vhieh  the  water  sluudB  in  tbe  neck  is  marked  by  a  Bcrstcb,  and  the  instm* 
ment  IB  cnmpletc  for  use.  Tbe  liquid  to  be  examined  is  brought 
perature  00°,  and  with  it  the  buttle  is  filled  up  to  the  mark  before  mentJODedl 
It  in  then  weighed,  the  cannterpoiiie  being  usod  ng  hefore,  and  tbe  epeoifle 
gravity  directly  aacertained. 

A  watery  lirjuid  in  a  narrow  glass  lube  always   presents  a  curved  sorfaoe, 
fWim  the  molecular  sotioa  of  tbe  glass,  tbe  eoooavity  being  upwards.      Il  ii 
better,  on  this  account,  in  graduating  the  bottle,  to  make  two  scratchi 
represented  In  the  drawing,  one  at  the  top  and  the  other  at  Ibe  bottom  of  tb*' 
ODrve:  this  prevents  any  future  mistake.      The  marks  are  easily  made  by 
,  fine,  sharp,  triangular  file,  the  bard  point  of  which,  also,  it  may  be  observed, 

IMiswerB  perfectly  well  tor  writing  upon  glass,  in  the  abaenoe  of  a  propof 
liamond-peucil. 
It  will  be  quite  obyioaa  that  the  adoption  of  a  Hifk  holding  eiacOy  lOOft 
grains  of  water  has  no  other  object  than  to  bat* 
Pig.  a.  tbe  trouble   of  a  very  triHing   calculation 

^^  other  quantity  would  answer  juat  ns  well,  a    .,  _ 

I  ^  fact,  tbe  oiperimental  chemist  is  often  oompellsd' 


from 


bottle  of 
scarcity  of  the  liquid  to  be  examined. 

When  tbe  specific  graTity  of  a  liquid  is  t^i  li*. 
determined  with  great  accuracy,  n  case  whii^i 
frequently  occurs  in  chemical  inqnlriee,  a  littlii 
glass  bottle  is  used,  which  is  illustrated  by  Sg.  8>, 
This  bottle  is  provided  with  a  perforated  eonioali 
glass  stopper,  most  scsnratcly  fitted  by  grindinKt 
By  completely  filling  tbe  litUe  bottle  with  liquid, 
and  by  carefully  removing  the  portion  of  liquitti 
which  is  displaced  when  Ibe  stopper  is  inserted, 
an  unalterable  measure  is  obtained.  The  leari 
possible  quantity  of  grease  applied  to  the  stopper 
greatly  promotes  t)te  exact  fitting. 

When  tbe  chemist  has  only  a  very 
small  quantity  of  a  fiuid  at  his  dis- 
posal, and  wishes  not  lo  lose  it,  tbe 
Uttle  glass  vessel  (Sg.  S)  is  particularly 
useful.  It  is  formed  by  blowing  a 
bubble  on  t,  gloss  tube.  On  that  por- 
Uou  of  the  tube  which  is  narrowed  by 
drawing  the  tube  out  over  a  lamp,  a 
fine  scratch  is  mode  with  a  diamond. 
The  bubble  is  filled  up  to  this  mark 
""  with  the  fluid   whilst    it   stands   in 

Water,  tbe  temperature  of  which  is  exactly  known.  A  very  fine 
funnel  is  used  for  filling  the  bubble,  the  stem  of  the  funnel  being 
drawn  out  so  as  to  enter  tbe  tube,  and  the  nppcr  opening  uf 
the  tunnel  being  small  enough  to  be  closed  by  the  finger.  Tlie 
glass  stopper  is  only  wonted  as  a  guard,  and  does  not  require  to 
fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid  body  is 
mode  according  to  Ihesame  principles,  and  may  be  performed  with  the  upeoiSt 
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gMTity  bottle  (fie-  2).  The1itt!e  battle  ib  first  ireiehed  full  of  water,  the  eolid 
IB  then  plaiHtd  in  tke  same  pan  of  tbe  balance,  and  its  weigbt  determined: 
Bnally,  tbe  solid  ia  put  into  tbe  bottle,  displacing  an  eiinni  bulk  of  water,  the 
weight  of  wbioh  is  determined  by  the  losa  on  again  weigliing.  Thiu  th» 
weights  of  the  solid  and  that  of  an  eriual  bulk  of  water  are  obtained.  Tbe 
former  divided  hj  the  latter  gives  tbe  Apecific  gravity. 

For  example,  the  weight  of  n  small  piece  of 

Silver  wire  was  found  to  bo 9818  grlins. 

Olaas  battle  fillod  with  water 204-69       " 

392-87       " 
After  an  equal  votumo  of  water  was  dieplaoed  by 

tbe  silver,  the  weight  was 383-54       " 

Hence  the  displaced  water  weighed        .         .        .         9-88       *' 
From   this,  the  speeifio  gravity  of  the!   98'18       ,«  eno 
BiiTM  wire ;  -9:33  =  >"-^ 

Another  highly  ingenioas,  but  less  exact  method  of  determining  tbe  apGCiflO' 
gr&Tity  of  solids,  is  based  on  the  well-known  theorem  of  Archimedes. 
This  theorem  may  be  thua  eiptessed :  — 

Wben  a  solid  is  immersed  in  a  fluid,  it  loses  a  portion  of  its  ireight ;  and 
this  portion  ia  equal  to  the  weight  of  tbe  fluid  which  it  displaces  ;  that 
U,  to  the  weiglit  of  its  awn  bulk  of  that  fluid. 

teoay  to  give  experimental  proof  of  this  very  important  propovtioo,  as 
well  as  to  aatablish  it  by  reasoning.     The  drawing,  fig.  4, 
Ilg.  i.  repreaenta  a  little   apparatus   for  the   farmer  purpose. 

This  consists  of  a  thin  cylindrical  vessel  of  braaa,  into  the 
I  interior  of  which  fits  very  accurately  a  solid  cylinder  of 

i  the  same  metal,  thas  exactly  filling  it.     When  the  cylin- 

/\  der  is   suapended   beneath  the  bucket,   as  aeon   in  tha 

/_ \  sketch,  the  whole  hung  from  tbo  arm  of  a  balance,  and 

counterpoised,  and  then  the  cylinder  itself  immersed  in 
water,  it  will  be  found  to  have  lost  a  Certain  weight ;  and 
that  tbia  loss  ia  precisely  equal  to  tbe  weight  of  an  equal 
bulk  of  water,  may  then  be  proved  by  fiUing  tbe  bucket 
to  the  brim,  whereupon  the  equilibrium  will  bo  restored. 
Tho  ooasideration  of  the  great  hydroatatic  law  of  fluid 
presanra  easily  proves  the  truth  of  the  principle  laid 
down.  Let  the  roader  figure  to  himaelf  a  veaseluf  water, 
baring  immersed  In  it  a  solid  cy- 
lindrical or  rectangular  body,  and 
so  adjusted  with  respect  to  density,  1 
that  it  ahall  float  indifiorently  in 
any  part  benealb  the  surface 
{fig.  6)- 

Now  the  law  of  fluid  pressure  ia 
to  this  efi'oct.-  —  The  pressure  el- 
srted  by  a  fluid  upon  the  coataia- 
ing  vessel,  or  open  anything  plunged  beneath  its  sor- 
face,  depends,  firat,  upon  the  density  of  that  fluid, 
and,  secondly,  upon  the  perpendicular  height  of  the 
tolnmn.     It   ia   uulopeudeut   of  the   form  and  lata- 
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ml  dimenrionR  of  the  TeBse!  or  innnened   body.     MoreoTir,  owIdk  (o  tl 
peonliar  phjaleal  ocinstllutinn  of  fluids,  this  presaure  U  exerted  equally  !■  J 
every  diTeotion,  upwards,  downwardB,  nnd  Ulerillj,  wilh  uqual  roroe.  I 

Tbe  floating  body  ia  in  a  elnte  of  eqailibrium  t  tlierefore  tbe  preaenro  dmra-  J 
iritrdB  DBuHed  by  its  fcraTilnlion  moet  be  exactly  compensated  by  the  n; 
tnuismitted  preesura  of  the  column  of  water,  a,  b. 

Dot  this  prsBsure  doirnwnrds  ia  ohTiougly  equal  to  the  weight  of  an  eqntlrl 

qnantily  of  water,  siDce  the  body  of  necessity  displnoes  its  own  bulli.  I 

Hence,  the  weight  lost  or  supported  by  the  vater,  is  the  weight  of  a  Tolama  ■ 

of  water  equal  lo  that  of  the  body  inimereod. 

Whatever  lie  the  density  of  the  aubstance.  it  will  be  buoyed  a_ 
iitnonnt;  in  the  cnse  suppoaed,  the  buoyancy  is  equal  to  tlie  whole  weight  of  I 
the  body,  which  is  thus,  while  in  the  water,  reduced  to  uothiiig. 

A  little  reflection  will  sliow  that  the  eame  reasoning 
may  be  applied  to  a  body  of  irrei^lar  funu  ;  besides,  ft 
solid  of  any  figure  may  be  divided  by  the  imaginfttion 
into  a  multitude  of  littlo  perpendicular  prinma  or  cylin- 
ders, to  each  of  which  the  argument  may  be  applied.  ■ 
What  is  true  of  each  iodividually  must  ueeeiBaril;  bt  a 
true  of  the  whole  together.  1 

This  is  the  fundamcntnl  principle;  its  application  It  J 
made  in  the  foUowiug  manner :  —  Let  it  be  required,  for 
eiamplo,  to  know  the  apecifio  grHvity  of  a  body  of  ex- 
tremely irregular  form,  as  a  small  group  of  rock  cryatuli; 
the  first  part  of  the  operation  aonsista  in  determining 
its  absolute  weight,  or,  more  correctly  speaking,  ill 
weight  in  air;  it  ie  next  suspended  from  the  babinoe- 
pan  by  a  Bne  horse-hair,  immersed  completely  in  port 
water  at  60°  (15°'5C),  and  again  weighed.  It  now, 
weighs  less,  the  diflerenoe  being  tlio  weight  of  thf' 
water  it  displaces,  that  is,  tbe  weight  of  an  equal  bulk. 
This  being  hnowa,  nothing  more  is  required  than  to 
find,  by  division,  how  many  times  the  latter  number  ii 
contained  in  the  former;  t 
'  aeosi^,  -water  leing  taken  =  1,  For  eiample :  — 
The  qnarti-crystals  weigh  in  air 
When  immersed  in  water,  they  weigh 


\ 


I    quoticDl  will   be  lk> 
.    29S-T  graiDi 


Difference,  being  the  weight  of  an  equal  volume  of 

yitMl       . 118-6         " 

^y^  =  2-58,  the  specific  gravity  required. 

''«■'■  The  arbitrary  rule  is  generally  Ihas  written:  "Divide  the 

weight  in  air  by  the  loss  of  weight  in  water,  and  the  qunlient 
will  be  the  spooifio  gravity."  In  reality  it  is  not  the  weight 
in  air  which  is  required,  but  the  weight  tbe  body  wonld  have 
in  empty  space :  the  error  introduced,  namely,  the  weight  of 
an  equal  bulk  of  air,  is  80  trifling  that  it  is  usually  neglected. 
Snmctimea  the  body  to  be  eiamincd  is  lighter  than  water, 
and  floats.  In  this  case,  it  is  first  weighed,  and  aflerwardi 
attached  to  a  piece  of  metal,  heavy  enough  to  sink  it,  and 
suspended  from  the  balance.  The  whole  is  then  exactly 
weighed,  immersed  in  water,  and  again  weighed.  The  difler- 
ence  between  the  two  weighings  gives  the  weiRht  of  a  quantity 
of  water  equal  in  bulk  to  boUt  together.     The  hgfat  subslauoi 
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Is  then  detftohed,  and  the  same  operation  of  weighing  in  air,  and  agun  is 
water,  repeated  on  the  piece  of  metal.  These  data  give  the  means  of  finding 
the  specific  grayity,  as  will  be  at  once  seen  by  the  following  example :  — 

Light  substance  (a  piece  of  wax)  weighs  in  air  . 

Attached  to  a  piece  of  brass,  the  whole  now  weighs 
Immersed  in  water,  the  system  weighs 

Weight  of  water,  equal  in  bulk  to  brass  and  wax 

Weight  of  brass  in  air      .        .        .        .        •        .      60*0 
Weight  of  brass  in  water        .      ' . 

Weight  of  equal  bulk  of  water  .        • 

Bulk  of  water  equal  to  wax  and  brass 
Bulk  of  water  equal  to  brass  alone  . 

Bulk  of  water  equal  to  wax  alone     ....     139*8 

188*7 


188*7  1 

^ins. 

188*7 
88-8 

(4 
M 

144*9 

<« 

60*0 
44*4 

«« 

(« 

6*6 

i«      ' 

144*9 
6*6 

189-8 


=  0-9598. 


In  all  such  experiments,  it  is  necessary  to  pay  attention  to  the  temperature 
and  purity  of  the  water,  and  to  remove  with  great  oare  all  adhering  air- 
bubbles  ;  otherwise  a  false  result  will  be  obtained. 

Other  cases  require  mention  in  which  these  operations  must  be  modified  to 
meet  particular  difficulties.  One  of  these  happens  when  the  substance  is  dis- 
soWed  or  acted  upon  by  water.  This  difficulty  is  easily  oyercome  by  substi- 
tuting some  other  liquid  of  known  density  which  experience  shows  is  without 
action.  Alcohol  or  oil  of  turpentine  may  generally  be  used  when  water  is 
inadmissible.  Suppose,  for  instance,  the  specific  gravity  of  crystallized  sugar 
is  required,  we  proceed  in  the  following  way : — The  specific  gravity  of  the  oil 
of  turpentine  is  first  carefully  determined ;  let  it  be  0-87 ;  the  sugar  is  next 
weighed  in  the  air,  then  suspended  by  a  horse  hair,  and  weighed  in  the  oil ; 
the  difi^erence  is  the  weight  of  an  equal  bulk  of  the  latter ;  a  simple  calculation 
gives  the  weight  of  a  corresponding  volume  of  water :  ^ 

Weight  of  sugar  in  air      .        .        .        .        .        .     400    grains. 

Weight  of  sugar  in  oil  of  turpentine  .        .        .        .     182-6      << 

Weight  of  equal  bulk  of  oil  of  turpentine        .        .217-5      ** 

87:  100  =  217-5:250, 

the  weight  of  an  equal  bulk  of  water ;  henoe  the  specific  gravity  of  the  sugar,— 

400      ,  ^ 
250  =  ^-^- 

If  the  substance  to  be  examined  consists  of  small  pieces,  or  of  powder,  then 
the  method  first  described,  namely,  that  of  the  specific-gravity  bottle,  can 
alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  metallic  oxides, 
and  other  compounds,  and  salts  of  all  descriptions,  may  be  determined  with 
great  ease.  Oil  of  turpentine  may  be  used  with  most  soluble  salte.  The 
crystals  should  be  crushed  or  roughly  powdered  to  avoid  errors  arising  from 
eavities  in  their  substance. 

The  theorem  of  Archimedes  affords  the  key  to  the  general  doQtsv^*^  ^1  >Su^ 
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of  liquids ;  the  di 


Kjailibrium  of  SoatiDg  bodisK,  of  *hicb  so  Bpplicntion  is  made  in  A*  eomBi 
hTdTometer,  —  ao  instrument  for  finJing  tbe  speciSo  gniviliea  of  Uqnida  in 
M17  B»BJ  »iiil  eipedilioos  msnnar. 

When  a  solid  bodj  ia  placed  upon  the  surface  of  n  fluid  BpeciGcnlt;  beafi 

Ihui  it«elf,  il  siaks  down  until  it  displseps  a  quanlit;  of  fluid  eiiuul  to  its  o' 

neigbl,  at  which  point  it  floata.     Thus,  in  the  ctiae  of  a  sn 

''«■*■  stance  floating  in  water,  whose  Bpecific  weight  is  ono-half  ihl* 

of  the  fluid,  tbe  position  of  eqailibriuni  will  iiiToWe  Ibe  iromar- 

don  of  eiactl;  one-half  of  tbe  liudj,  inasmuch  as  its  ithok 

weight  IB  couDlerpnised  by  a  quanlit;  of  water  equal  to  half 

i(e  iDlume.     If  the  same  body  were  put  into  a  Buiil  of  one-half 

the  speciBc  gra.Tit;  of  water,  if  such  could  be  fouud,  then  it 

would  Bink  beneath  the  surface,  and  remain  indifferent];  Im 

anj  part.     A  floating  bod;  of  known  specific  gravit;  may  thuft 

be  used  as  an  indicator  of  tbe  speciflo  gravity  of  a  fluid.     *~ 

this  manner  little  glass  beads  (Sg.  8)  of  known  specific  graTiliel  are  «on 

times  employed  in  Ibe  arts  to  ascertain  in  a  rude  manner  the  speeifia  gl .    .  , 

"      -,B  that  Boats  indifferently  beneath  tbe  surface,  without  tithW 

sinking  or  rising,  has   of  course     ' 

Eravity  as  the  liquid  itself  j    Ibis 

the  number  marked  upon  Ibe  bead. 

Tbe  hydrometer  (tig.  9)  in  general  use  consists  of  i| 
floating  vessel  of  thin  metal  or  glass,  baving  aweidll 
beneath  to  muntain  it  in  nu  upright  posilion,  tadjl 
stem  above  bearing  n  divided  scale.  The  use  of 
instrument  is  very  simple.  Tbe  liquid  to  be  1 
is  put  into  B  small  narrow  jar,  and  tbe  inBtmint^ 
floated  in  it.  It  is  obvious  that  the  denser  the  liq^^ 
the  higher  will  the  hydrometer  float,  because  a  smalltf 
displaeement  of  fluid  will  counterbalance  its  wsi^^iti 
For  the  same  reason,  in  a  liquid  of  less  densi^  iV 
sinks  deeper.  Tbe  hydrometer  comes  to  rest  almoM' 
immediately,  and  thcQ  the  mark  on  the  stem  at  t 
flnid-level  may  be  read  oW, 

Tery  extensive  use  is  made  of  inBlmmenta  of  tl 
kind  in  the  arts:   tbey  sometimca 
bear  different  names,  according  to  rig.  10. 

tbe  kind  of  liquid  fur  which  Ibey 
are  intended;  but  the  principle  is 
e  In  all.  The  graduation  is  very  commonly  arbi- 
trary, two  or  three  different  scales  being  unforlunalely 
used.  These  may  be  sometimes  reduced,  however,  to  the 
true  numbera  expressing  the  specifle  gravity  by  the  aid  of 
tables  of  comparison  drawn  op  for  the  purpose. 

The  division  of  the  instrument  from  below,  upwards. 
into  100  parts  is  much  to  be  preferred  to  these  arbitrary 
scales.  Half  of  theBO  divisions  must  be  made  upon  tiie 
Blem.  The  100th  division  indicates  the  point  of  immersion 
in  distilled  water  at  Q0°  Fabr.  {16°-6C.)  If  in  another 
fluid  the  instrument  nnks  less  deeply,  for  example  to  60, 
then  60  volumes  of  this  fluid  weigh  as  mach  as  1 0U  volumes 
of  water.  Hence  tbe  weight  of  100  volumes,  that  is,  tho 
specific  graTity,  is  ','yi=l'67.  By  this  arrangement  of 
tbe  scale  it  is  evident  that  Ibe  reduction  of  the  specific 
gravity  is  so  simple  that  no  tables  are  required. 

A  very  conveuient  and  nseful  instrument  in  tbe  shape  of 
«  small  hydrometer  for  taking  the  speci&c  gravity  of  urine,  has  lately  been  p 
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Into  the  hands  of  the  physician ;  ^  it  may  be  packed  into  a  pocket  case,  with 
a  little  jar  and  a  thermometer,  and  is  always  ready  for  use.* 

The  determination  of  the  specific  gravity  of  gases  and  yapors  of  volatile 
liquids  is  a  problem  of  yery  great  practical  importance  to  the  chemist :  the 
theory  of  the  operation  is  as  simple  as  when  liquids  themselves  are  concerned, 
but  the  processes  are  much  more  delicate,  and  involve  besides  certain  correc- 
tions for  differences  of  temperature  and  pressure,  founded  on  principles  yet 
to  be  discussed.  It  will  be  proper  to  defer  the  consideration  of  these  matters 
for  the  present.  The  method  of  determining  the  specific  gravity  of  a  gas  will 
be  found  described  under  the  head  of  **  Ozygen,"  and  that  of  the  vapor  of  a 
volatile  liquid  in  the  Introduction  to  Organic  Chemistry.' 

<  This  and  other  instruments  described  or  figured  in  the  course  of  the  work,  may  be  had  of 
Messrs.  Murray  and  Heath,  43  Piccadilly,  upon  the  excellence  of  whose  workmanship  relianoe 
may  be  placed. 

^  [The  graduation  of  the  urinometer  is  such  that  each  degree  reprcisents  1-1000,  thus  giving 
the  actual  specific  gravity  without  calculation,  for  the  number  of  degrees  on  the  scale  cut  by 
the  surface  of  the  liquid  when  this  instrument  is  at  rest,  added  to  1000  will  represent  tilt 
density  of  the  liquid.  I^  for  example,  the  sur&oe  of  the  Ikjuid  cdndde  with  23  on  the  seal^ 
the  specific  gravity  will  be  1023,  about  the  aven^  density  of  healthy  urine.  —  K.  B.] 

[s  The  mode  of  determining  the  specifio^ravity  of  a  liquid  by  means  of  a  solid  Ilg*  11« 
has  been  omitted  in  the  text  It  results  from  the  theorem  of  Archimedes,  that 
if  any  solid  be  immersed  in  water  and  then  in  any  other  liquid,  the  loss  of 
weight  sustained  in  each  case  will  give  the  relative  weights  of  equal  bulks  of 
the  liquids,  and  on  dividing  the  weight  of  the  liquid  by  the  weight  of  the  water, 
the  quotient  will  be  the  spwific-grilvity  of  the  liquid  experimented  on.  For  in- 
stance,  let  a  piece  of  glass  rod  be  suspended  firom  the  balance-pan  and  exactly 
counterpoised,  then  immerse  it  in  water  and  restore  the  equipoise  by  weighto 
added  to  the  pan  to  which  the  glass  is  suspended,  the  amount  will  give  the  loss 
of  weight  by  immersion  or  the  weight  of  a  bulk  of  water  equal  to  that  of  the 
rod.  Now  wipe  the  glass  dry,  and  having  removed  the  additional  we^hts,  im- 
merse it  in  the  other  liquid,  and  restore  the  equipoise  as  before;  tms  latter 
wmght  is  the  weight  of  a  bulk  of  the  liquid  equal  to  that  of  the  water.  The 
latter  divided  by  the  former  gives  the  specific-gravity.    For  example :  — 

Tlie  glass  rod  loses  by  immersion  in  water. ^ 171  gndni. 

The  glass  rod  loses  by  immersion  inaloohoL.. m  .........  148 

143 

|--  =  *836  the  q>eoifio-gravity  required.  —  R.  B^ 
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^H    OF  TU£  PBTSICAL  CONSTITUTION  OF  THE  ATMOSPHERE  AND 
^H  OASES  m  GENEKAL. 

■  " 


0  n^atize  completely  the  aiagi 
-   -•  -  -      list.     Wp  Ui 


It  requires  Bome  little  abRlractioii 
lar  ooDdition  in  which  all  things  at  the  Biirrnce  of  the 
%t  the  buttom   of  bji  imiDBDBD  ocean  or  gaseous  matter,  vhich  eoTDlopi 
•verythiiig.  and  preasea  npoo  evetything  with  a  force  irhich  appetn,  at  flc) 
idglit,  perfectly  incredible,  but  whose  actual  amount  admits  of  easy  proof. 

OrBTit;  being,  bo  far  as  is  knowo,  conimon  to  all  matter,  it  is  nataral  t 
expect  that  gnses,  being  material  anhftunces,  ehouid  be  acted  upon  by  tt 
garth's  attraction,  as  well  as  solids  and  liquids.  This  is  really  the  owe,  al 
the  result  is  the  weight  or  pressure  of  the  atmosphere,  which  is  nothing  nut 
ibaa  the  effect  of  the  attraotioa  of  the  earth  on  the  pnrtielca  of  ur. 

Before  describing  Ihe  leading  phenameun  of  the  attnospheHe  preuurs,  it  I 
necessary  to  notiae  one  very  remarliable  feature  in  the  phy»citl  constilotio 
of  gases,  upon  whioh  depends  the  principle  of  an  o»treEie!y  valuable  instn 
menC,  the  air-pump. 

Qapes  are  in  the  highest  degree  elastic:  the  volume  or  tipoce  which  k  gi 


Lettt 
.  at  the  li 
■tight,  I 


that  1 


1  wliio 


escape  lietween  the  piston   and   the  cylinder^ 
Suppose  now  the  piston  be  pressed  downwardl 
with  a  certain  force ;  the  iiir  beneath  it  ^  '"  ' 
compressed  into  a  smaller  bulk,  the  amoi 
this  compression  depending  on  llio  force  applied} 


ooonpies  depends  i 

tit.  13.  moTes  a  piston 

JL 

IjIIII]  part  or  leas.     When  the  pressure  is  removedp 

^^^  the  elasticity  or  ttruion,  as  it  is  called,  of  tht^ 

included  air  or  gas,  will  immediately  force  i^j 
the  piston  Dotii  it  arrives  at  its  first  position. 
Again,  take  lig.  b,  and  suppose  the  piston 
stand  about  the  middle  of  the  cylinder,  bavii^i 
air  beneath  in  its  asual  slnte.  U  the  piston  ' 
now  drawn  upwards,  tbe  air  below  will  eipai 
so  as  to  fill  completely  the  iDcreosed  space, 
this  to  an  apparently  unlimited  cit 
volume  of  air,  which  under  ordinary 
■taoMs  occupies  the  bulk  of  a  cubio  inch,  might,  by  the  removal  of  tbe  pre»f 
turn  upon  it,  be  made  to  expand  to  the  capacity  of  a  whole  room,  while  a  r 
aewol  of  the  former  pressure  would  be  attended  by  a  shrinking  down  of  tl 
air  to  its  fonner  bulk.  The  smallest  portion  of  gns  introdueed  into  ft  Inrj 
exhausted  vessel  becomes  at  once  diffused  through  the  whole  spooe,  so  eqn 
quantity  being  present  in  ever;  part;  the  voBsel  is /uU  although  the  gas  is: 
k  slate  of  extreme  tenuity.  This  power  of  expansion  which  air  possess 
may  have,  and  probably  has,  in  reality,  a  iimil :  but  the  limit  is  never  reachi 
In  pmclice.  We  are  quite  safe  in  the  assumption,  that  for  all  purposes  4 
experiment,  however  refined,  air  is  perfectly  elostio 


■I 
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It  is  usnal  to  asaign  a  reaaon  for  Ibis  indefinite  eipanBi1>iUt7  b;  auribing 
lo  the  particles  of  material  bodies,  wben  io  ft  gaaeoua  state,  a  selF-repulsiTa 
■genoj.  This  stutemeDt  is  comiaoii);  made  Boiuewbnt  iu  tbis  maDner;  matter 
U  under  tbe  inEuence  of  two  opposite  forces,  ooe  of  vrliich  toiida  to  draw  the 
pordoles  together,  the  other  to  Bepamte  tbsm.  B?  the  preponderance  of  one 
or  Dtber  of  thege  forces,  we  haTC  the  three  states  culled  solid,  liquid,  and 
gaseons.  When  the  particles  of  matter,  in  consequence  of  the  direction  and 
alruigth  of  their  mutual  attraeCions,  posaess  only  a  ver;  slight  poner  of 
motion,  a  solid  anbstooce  results;  when  the  forces  are  nearly  balanced,  wb 
fca»e  a  liquid,  the  particles  of  wliich  in  the  interior  of  the  maaa  are  free  to 
moTB,  but  yet  to  a  certain  extent  are  held  together;  and,  lastly,  when  the  at- 
tracCiTe  power  eeema  to  be  completely  OTercome  by  its  autaguniit,  we  haTe 
»  gas  or  lapur. 

Various  names  are  applied  to  these  forces,  and  larioUB  ideas  entertained 
eonoeraing  them :  the  attractive  forces  bear  the  name  of  cohesion  when  they 
are  eierted  between  particles  of  matter  aeparatcd  by  an  immeasarably  small 
interval,  and  gravitation  when  the  distance  is  great.  The  repulsive  principle 
ia  often  thought  to  be  ideotical  with  the  principle  of  heat. 

The  ordinary  nir-pump,  shown  in  section  in  Gg.  13,  consists  essentially  of 
t  melallic  cylinder,  in  which  moves  a  tightly-fitting  piston,  by  the  aid  of  ita 
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wd.  The  bottom  of  the  cylinder  communicates  with  the  veasel  to  be  tx- 
biiat«d,  and  is  furnished  with  a  valve  opening  upwards.  A  similar  valve, 
tiM  opening  upwards,  ie  Stted  to  the  piston  ;  these  valves  are  made  with  slips 
sf  oiled  silk.  When  the  piston  ia  raised  from  the  bottom  of  the  cylinder,  tha 
^lue left  beneath  it  must  be  void  of  air;  since  the  piston-valve  opens  only 
in  mn  direction ;  the  air  within  the  receiver,  having  on  that  side  nothing  to 
^ipoae  ita  elaaHo  power  but  the  weight  of  the  littls  valve,  lifts  the  latter,  and 
(HBpes  into  the  cylinder.  So  soon  as  the  piston  begins  to  descend,  the  lower 
nhe  closes,  by  its  own  weight,  or  by  the  transmitted  pre.taure  tVom  above, 
■ad  commnnication  with  the  receiver  Is  Oat  off.  As  tbe  descent  of  the  piston 
MDliDaeB,  the  air  included  within  the  cylinder  becomes  compressed,  its  elas' 
ticity  ia  increased,  and  at  length  it  forces  open  Ihe  upper  valve,  and  escapes 
bta  the  atmosphere.  In  thl^  manner,  a  cylinder  full  of  air  ia  at  every  strobe 
if  the  pump  removed  from  the  receiver.     During  Ihe  descent  of  the  piaton. 
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CO,  and  the  lairer  eloaod,  ftiid  tlie  rvram  d 

iTeaieat  to  buve  two  such  barrets  or  ojlLnden,  H 

ni.u. 


ranged  «id«  tj  side,  the  piaton-rodi  of  nhioh  are  formed  ioto  racks,  httfa 
■  '  --|l-loQthod  wheel,  between  them,  moved  by  n  winnh.     By  tt_ 

ooiitriTiince  the  operation  or  eihauetlan  is  much  fioililktd 
and  the  labor  lessened.  The  arrangement  is  shown  I 
fig.  U. 

A  simpler  form  of  air-pump  is  thus  oonBtmcted: 
cjliuder,  which  maj  be  of  Inrge  dimensions.  Is  fnmis 
with  an  accurately-fitted  solid  piston,  the  rod  of  wfaloh 
moves,  air-tighl,  through  a  contrivance  cailed  a  stuffiQ|C- 
bux,  at  the  tap  of  the  cylinder,  where  also  the  only  Tahe 
iiiential  to  the  apparatus  is  to  be  found :  the  littler  Is  ■ 
solid  conical  plug  of  metal,  shown  at  a  in  the  figure,  kept 
tight  by  the  oil  conlainod  In  the  chamber  into  which  it 
opens.  The  commnnication  with  the  lessel  to  be  eihansted, 
is  made  by  &  tube  wliieh  enters  the  cylinder  a  little  abate 
the  bottom.  The  action  is  the  following;  lot  the  piston  be 
supposed  in  the  act  of  rising  from  the  bottom  of  the  cylin- 
der; aa  soon  as  it  passes  the  mouth  of  the  tobe  t,  all  eom- 
muDJcalion  is  stopped  between  the  nir  above  the  piston  nod 
the  vessel  to  be  exhausted;  the  enclosed  air  saffera  ooni- 
pression,  until  it  acqaircs  sufficient  etasticiiy  to  lift  the 
metal  valve  and  escape  by  bubbling  through  the  oil.  When 
the  piston  makes  its  descent,  and  thif  valve  closes,  • 
Vttcuam  is  left  in  the  upper  part  of  the  cylinder,  Into 
which  the  air  of  the  receiver  rushes  so  soon  as  the  piston 
hoe  passed  bolow  the  orifice  of  the  connecting  tube. 

air-pump,  ejliaiistion  ceases  when  the  elasticity  of  the 
aise  the  valve:  in  that  last  d*< 
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Mrfbed,  Ub  gshBiution  may,  on  the  contrarr,  lis  carried  (o  an  indefinib 
eitetil,  witbout,  bowerer,  under  the  moat  favorable  circumfilanceB,  becamini 
complete.  The  ooaisul  valve  is  mitiie  to  project  a  little  below  tbe  cover  of  tht 
oyliiider,  ao  as  to  be  foroid  up  by  the 
piatoD  when  the  latter  reaches  the  lop  of 
the  cjlinder;  the  oil  then  enters  and  dis- 


r  that  m 


It  ia  a  great  improTcmeut  to  the 
unchine  to  Buppl;  the  pisloa  with  a 
retitf-naivt  openiag  upwai'ds ;  thia  may 
alto  be  of  metal,  aud  contained  within  the 
body  of  the  piston.  Its  use  ia  to  avoid 
the  momeDtary  oondeasation  of  the  air  in 
the  receiver  when  the  piston  descends. 
The  pump  ia  worked  by  a  lever  in  the 
manner  repreaeoted  in  Sg.  16. 

The  air-pump  mnj  be  used  for  oondens- 
ing  instead  of  for  rarefying  the  air.  If 
the  ayliader  (Bg.  15}  is  filled  with  air 
Ihim  the  opening  (I]i  b;  the  rise  of  the 
piston  it  may  be  oooipreBsed  as  it  passea 
Ibroagh  the  valve  (n),  into  a  communica- 
ting chamber,  and  this  operation  may  be 
frequently  repeated. 

To  retam  to  the  atmoaphere.  Air  pOB- 
eessei  weight:  a  light  fliisk  or  globe  of 
glass,  furnished  with  a  stop-cock  and  ex- 
hausted by  the  air-pump,  weighs  con- 
uderably  lesa  than  when  full  of  air.  If 
the  capacity  of  the  vessel  be  equal  to  100 
cubie  inches,  this  diSerenije  may  amount 
to  nearly  30  grains. 

The  mere  fact  of  the  pressure  of  the 
■tmospbere  may  be  demonstrated  by  ee- 
lurelj  tying  a  piece  of  bladder  over  the 
mouth  of  an  open  glaas  receiver,  and 
then  eihausling  the  air  from  beneath  it; 
llie  bbulder  will  bocomo  more  and  more 
concave,  until  it  suddenly  breaks.  A 
tJiin  square  glass  bottle,  or  a  large  air- 
Ught  tin  box,  may  bo  cruehed  by  with- 
drawing the  support  of  the  air  in  the  in- 
side. Steam-boilers  have  been  often  de- 
stroyed in  this  manner  by  collapse,  in 
oonsequenoe  of  the  accidental  formation 
of  a  partial  vacuum  within. 

After  wlmt  has  been  said  on  the  subject  of  fluid  pressure,  it 
be  necessary  to  observe  that  the  law  of  oquahty  of  pressure  in  all  cliri 
also  holds  good  in  the  case  of  the  atmosphere.  The  perfect  inabitity  of  the 
particles  of  air  permits  the  transmission  of  the  force  generated  by  their 
gravity.  The  sides  and  bottom  of  an  exhausted  vessel  are  pressed  upon  with 
as  much  force  as  the  top. 

If  a  glass  lube  of  considerable  length  oould  be  perfectly  exhausted  of  air. 
and  then  held  in  an  uptight  position,  with  one  of  its  eods  dipping  into  a  vease) 
of  liquid,  the  letter,  on  being  allowed  aooels  to  the  tflbe,  would  rise  in  its  inter 
rior  until  the  weight  of  the  col'imn  yalajwud'tto  pcBssitfe'oi' flftaifjJ^a.'.W 
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mattaet  at  the  liquid.  Now,  it  (be  dendt;  of  Uiii  liqaid  wura  known,  and  tb» 
hnghl  Bod  STeSi  nf  ibe  colanm  meaBnred,  meujg  would  he  faruiehed  for  eMet)y 
eBtimsting  (he  amount  oS  proBsure  exerted  by  tbe  atmoaphara. 
rig.  17.  Such  an  inBlrament  ia  the  bBrometer;  >  Btruight  e'biw  tube  U 
taken,  aboat  36  inches  in  length,  and  sealed  b;  tbe  blowpipa 
flame  at  one  eitremitj  ;  it  is  tben  filled  with  clean,  di^  moniny, 
care  being  taken  to  displace  all  air-bubbles,  the  open  end  stopped 
with  a  finger,  and  the  tabe  inverted  in  a  baain  of  roerenry,  Ob 
remoTing  the  finger,  the  fluid  sinka  awaj  from  the  lop  of  tb^  | 
tube,  until  it  stands  at  the  height  of  about  80  inchea  above  " 
level  of  that  in  the  tiaaiD.  Here  it  rcmninB  supported  b;, 
balancing  the  atmo*ipheric  presBiire,  the  space  above  tht  mi 
cur7  in  Uie  tobe  being  of  neceetiitj  empty. 

The  pressure  of  the  atmosphere  is  thna  seen  to  be  oapable  of 
SUStoiniDg  a  colnmn  ot  merenrj  30  inches  in  height,  or  tliert- 
abonlB :  now  encb  a  column,  having  an  area  of  one  inch,  ireif^ 
between  14  and  10  pounds,  conHequentlj'  sucb  muat  bo  llio 
amount  of  tbe  presBnro  exerted  upon  every  aquare  inch  of  tlw 
BarTace  of  the  earth,  and  of  tbe  objecta  situated  thereon,  at  leaM 
near  the  level  of  the  sea.  This  enormous  force  ia  borne  withoot 
iaconvenienoe  by  the  animal  frame,  by  reason  of  its  perfect  nni- 
fonnily  i[i  every  direction,  and  il  may  be  doubled,  or  even  tripled 
withoat  injnry. 

A  barometer  may  be  ooDBtructed  with  other  liquids  beside* 
mercury ;  but,  as  the  height  of  the  column  mnst  always  bear  aa 
inveree  proportion  to  tbe  density  of  the  liquid,  the  length  of  tab* 
required  will  be  often  considerable;  in  the  case  of  water  it  wlD 
eioeed  33  feet  It  is  seldom  that  any  other  liquid  than  mei- 
eary  is  employed  in  the  oonstructioD  of  this  instrument.  Tht 
Royal  Society  of  Loodon  posBesaed  a  watBT-barometer  at  tbetr 


It  will  now  be  neceasary  to  oonaider  a  most  important  !■■ 
which  conseotB  the  volume  occupied  by  a  gas  with  tbe  p: 
mode  upon  it,  and  which  ia  thus  expressed  : — 

Tbe  volume  of  a  gas  is  inveriity  as  the  presaure ;  the  denail^fl 
and  elaatio  force  are  dirtcUj/aa  the  pressure,  and  iNii«m( 
as  tbe  volume, 
ce,  100  cubic  inches  of  gas  under  a  presanre  of  30  inches  of  m 
expand  to  'iOD  cubic  inches  were  the  pressure  reduced  to  one-hi 
on  the  oontrary,  to  50  cubio  inohes  if  the  original  pressure  w 
doubled.     The  change  of  denaity  most  neDeasarily  be  ia  £e  inverse  piopol  I 
tioQ  to  that  of  the  volume,  and  the  elaatio  force  follows  the  same  rule. 

This,  which  is  nsnally  called  the  law  of  Mariotte,  though  really  disci 
by  Boylo  {1661 ),  ia  easily  demonatrabie  by  direct  eiperiment.  A  glass 
about  7  feet  in  length,  is  closed  at  one  end,  and  bent  into  the  form  represente.* 
In  fig,  18,  the  open  limb  of  the  syphon  being  the  longer.  It  is  neit  attache- 
to  a  board  fui-niahed  with  a  movable  scale  of  inchea.  and  enough  mercury  i 
introduced  to  fill  the  bend,  the  level  being  evenly  adjualed,  and  marked  upci 
the  board.  Mercury  ia  now  poured  into  the  tube  until  it  ia  found  tbat  Ih> 
enoloaed  air  has  been  reduced  to  one-half  of  its  former  volume ;  and  on  applf  ■] 
ing  the  scale,  it  wilt  be  found  that  the  level  of  the  mercury  in  the  Open  pal  1 
■ "'        'leatandsve  '         "" 


atmosphi 


consequently  reduced  the  bulKr 


ff  tbe  contained  air  to  one-halt.     If  the  experiment  be  still  continued  unlQI 
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(Se  volamd  oTuJr  ia  reduced  to  a  tliird,  it  will  bo  fauod  that  the  column  mea- 
■nrea  GO  inuhee,  and  so  in  like  proportion  as  far  as  the  experimeDt  is  carried. 

The  above  iuBtniineDt  is  better  adapted  for  illuBtra- 
tion  of  the  priaoiple  tban  for  furnishing  rigorous  proof  ^g- 1^- 

of  the  law :  this  has,  hawerer,  beed  dooc  MM.  Arago 
Mid  Dnlong  published,  in  thti  ;ear  1B30,  an  acconat  of 
iWTtnin  experiments  made  by  theio  in  Paris,  in  which 
the  law  in  qaestion  had  been  verilied  Ic  the  eiteaC  of 
27  atmospheres.  And  with  rarefied  air,  of  vhateiec 
degree  of  rarefaaUon,  the  law  has  been  found  true. 

All  gases  are  nlike  subject  to  tbis  law,  and  all  vapors 
of  volatile  liquids,  when  remote  from  their  points  of 
liijuefactioa,'  It  is  a  matter  of  the  greatest  importance 
In  practical  ohemietry,  since  it  gives  the  meana  of 
making  correctiona  for  pressure,  or  determining  b;  cal- 
eulalioD  the  obange  of  Tolnme  which  a  gas  would  suffer 
bj  any  givoD  ehange  of  external  pressure. 

Let  it  be  reqnired,  for  eiample,  to  Holvo  the  following 
problem ; — We  have  100  cubic  inches  of  gas  in  a  gradu- 
ated jar,  the  barometer  standiQ);;  at  20  inches ;  how  many 
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inches  f — Now  the  volume  must  be  inversely  as  the  pres- 
sure ;  consequently  a  change  of  pressure  in  the  propor- 
tion  of  29  to  30  must  be  accompanied  by  a  change  of 
volume  in  the  proportion  of  30  to  29;  30  cubic  iocbes  of 
gaa  contracting  to  29  cubic  inohea  under  the  conditioDs 
imu^Ded.     Hence  the  answer : — 

30  :  29  =  100  :  9S-67  cubic  inches. 
The  reverse  of  the  cperaliou  will  be  obviooa.     The  prac- 
tical pupil  will  do  well  lo  familiarize  himself  with  these 
nmple  calculations  of  oorreotion  for  preaaure. 

From  what  has  bees  said  respeotiog  the  easy  com- 
pressibility of  gases,  it  will  be  at  once  seen  that  the 
abnosphere  cannot  have  the  some  density,  and  cannot 
exert  equal  pressures  at  different  elevatious  above  the 
aea-leTcl,  but  that,  on  the  contrary,  these  must  diminish 
irith  the  altitude,  and  very  rapidly.  The  lower  strata  of 
ur  have  to  bear  the  weight  of  those «bove  them;  they 
become,  in  conseqnence,  denser  and  more  compressed 
than  the  upper  portions.  The  following  table,  which  is 
taken  from  Prof.  Qraham's  work,  showe  in  a  very  simple 
manner  the  role  fallowed  in  this  respeci ; — 
H^gbt  ibavB  the  Hidgbt  of  bin^metcr, 


The  mtmbers  in  the  Brat  column  form  an  arithmrtieal  series,  by  the  constant 
addition  of  2-705;  those  in  the  second  column  an  increasing  gcomelrital  series, 
each  being  double  its  predecessor ;  and  those  in  the  third,  a  decreasing  geo- 
inetrioal  series,  in  which  each  number  is  the  half  of  that  slandiag  above  it. 
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h&lloon,  these  effecte  are  well  flbaeiTcd;  tb*  J 

■nacbine,  nnd  (he  full  of  (he  mFroar;  in  llM'l 

DHrometer,  sooD  iodicnCe  to  the  Tojsger  the  fact  of  hia  h 

left  below  him  a  oonsicierable  part  of  the  whole  almoapher 

The  iDTenlion  of  the  barometer,  which  look  plnoe  in  the  jM 
1G13,  b;  TDrricelli.  a  papil  of  the  celebrated  Oatileo,  speediljr  W 
to  the  obserration  that  the  ilmoBpherie  pressure  at  the  MM, 
leTel  ia  not  oonetant,  bnt  poBsesees,  on  the  contrary,  ft  nnd 
range  of  TariatioD,  aeldom  eiceeding  in  Europe  2  or  2-5  ii  ' 
and  within  the  tropics  usually  confined  within  much  nar 
limits.  Two  kiodg  of  Tariations  are  distingniihed  ;  rtgnlu  H 
horarj.  and  irregular  or  accidental.  It  has  been  obaerred,  tkf 
in  Europe  the  height  of  the  barometer  is  greatest  at  two  period 
in  the  tweaty-foar  houra^  depending  upon  the  aeaaon.  '  ''^ 
ter,  the  first  maiimnin  takes  place  abuut  9  a.m.,  the  fii 
mam  at  3  p.m.,  after  which  the  mercur}'  again  rises  an< 
its  greatest  elevation  at  9  in  the  evening:  in  BUDuner  these  hon 
of  the  aerial  tides  are  somewhat  altered.  The  accidental  ti 
Uona  ara  much  greater  in  amount,  and  render  it  extremely  dl 
colt  to  trace  the  regular  changes  above  mentioned. 

The  barometer  is  applied  with  great  advantage  to  the 
Burement  of  acoesaible  heights,  and  it  is  also  in  daily  ni 
foretelling  the  state  of  the  weather;  its  indications  are  ii 
respect  eitremel;  deceptive,  eicept  in  the  case  of  sadden  a 
violent  storms,  which  are  almost  always  preceded  by  a  rapid  fk 
in  the  mercurial  column.  It  is  often  eitremely  usefHil  in  tl 
respect  at  sea. 

To  the  practical  abemist,  a  moderately-good  barnmeti 
indispensable  article,  since  in  all  experiincnta  in  which  v 
□f  gases  are  to  be  estimated,  an  account  must  be  taken 
state  of  the  pressure  of  the  atmosphere.     The  marginal  drawi^ 
represents  a  very  convenient  and  economical  siphon-barometel  " 
for  this  purpose.     A  piece  of  new  nnd  stoat  tube,  of  about  one- 
third  of  an  inch  in  internal  diameter,  is  procured  at  the  gUet- 
house,  sealed  at  one  extremity,  and  bent  into  the  eyphon-fom, 
as  represented.     Pure  and  warm  mercury  is  neit  introduced  bj 
sncoeasive  portions  until  the  tube  is  completely  filled,  and  Uw    ' 
latter  being  held  in  an  upright  position,  the  level  of  the  metd  I 
ID  the  lower  and  open  ^mb  is  conveniently  adjusted  by  dii-  | 
placing  a  portion  by  a  stick  or  glass  rod.     The  barometer  ii^  j 
lastly,  attached  to  a  board,  and  furnished  with  n  long  scale,       " 
to  slide,  which  may  be  of  boxwood,  with  a  slip  of  ivory  a 
end.     When  an  observation  is  to  be  taken,  the  lower  exti 
or  lero  of  the  scale  is  placed  exactly  even  with  the  m«rci 
the  short  Umb,  and  then  the  height  of  the  column  at 
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Ir  will  b«  oonvenient  to  caniiiileT  the  subject  of  Heat  nndef  Bereral  sectioiu, 
■ml  in  the  foUawing  order: — 

1.  EzpuiBion  of  bodies,  or  effects  of  TBiiatioDs  of  temperature  in  altering 

tbair  dimensioDB. 

2.  Conduction,  or  truiamis^on  of  heat. 
8.  Change  of  stnlo. 

A.  Capacity  of  bodies  for  heat 

The  pbenonietit  of  radiation  most  b«  deferMd  until  a  sketch  has  been  giTen 
of  the  science  of  light. 

KXPAlTHIOIt. 

If  a  bar  of  metal  be  tahep,  of  sach  magnitude  as  to  fit  accaratel7  to  a 

Sage  whea  cold,  heated  conaiderably ,  and  again  applied  to  the  guage,  it  win 
found  to  have  become  enlarged  in  all  ila  diatensiona.     Whoa  cold,  it  wUl 
onoe  more  enl«r  tho  guaga. 

Again,  if  a  quanlit;  of  liquid  contained  in  a  glaas  bulb,  fumished  with  a 
lUDOir  Deck,  bo  plunged  into  hot  water,  or  exposed  to  any  other  source  of 
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beat,  the  liquid  will  mount  in  the  stem,  showing  that  its  Tolnmo  has  been 


Ur,  if  a  portion  of  air  be  confined  in  an;  Tesael,  the  application  of  a  alight 
degree  of  heat  will  suffice  to  maliB  it  occupy  a  space  sensibly  larger. 

This  most  general  of  ail  the  effects  of  heat  fumishea  in  the  oataet  a  prin- 
ciple, by  the  aid  of  wbith  an  instrnment  oan  be  conatruoled  capable  of  taldng 
eoEnitance  of  uhsnges  of  Ivmperalure  in  a  manner  equally  accurate  and  oon- 
fnient;  BQCb  an  inetrament  ie  the  thermometer. 

A  eapillarr  gists  tube  is  chosen,  of  uniform  diameter:  one  extremity  ia 
doaed  and  expanded  into  a  bulb,  by  the  aid  of  the  blowpipe  Bune,  and  tba 


r 


■«bal  drawn  out,  knd  left  open.   Tb«  bulb  Ib 


t>/  ■  *plrll-lunli.  ukI  tb«  ojien  cxtremil}'  plunged  ii 


)iortion  or  «hicb  rife*  ii 


•  tciikI  of  mfrcwT, 


1  the  bulb  nben  lbs  Iiitler  cool*,  replicing  Uit  air 


e  prcMur*  of  tbi  air. 


tli«  flime,  and  oauiinR  Ibii  n 

•lt>«lledt  uid  lb*  irbofs  ipaoo  filled  «<tb  nirrcuriBl  T*por, 

or  vhtoh  the  neUt  l«  rorasd  lulo  tb«  initrumeDl  b;  tbe 

tuitll  It  biflotDM  CotDplelel;  filled.     Tht  tbonnginetor  Uii 

belted  until  so  miicD  roerourj  bw  been  driven  oat  b;  the  eipmiuloD  of  itefl 

remitlnder,  tb*t  ita  level  In  tbe  tube  eli*ll  aland  at  conimon  Ivuiper  '  '' 

tbe  point  reqoiied.     Thl*  being  utiBracloril;  adjugted,  the  hesl  is  o 

■ppljed,  until  the  column  riKi  quite  ta  tbo  top ;  anil  tboo  the  extJoiniljF  il 

the   tube  ib   benneticati;  ecaled  \ij  tbe  blowpipe.     Tbe   rotraelion   of  ISm. 

jaercurj  on  cooling  now  lEaies  an  empty  Bpaee  in  tbe  upper  part  of  tbe  tnbi^fl 

irbicb  IB  eiBenlial  to  tbo  perfection  of  the  inBtrument 

The  tbennonieter  bai  jet  to  be  graduated;   and  to  make  ita  Indlcalioa 
comparable  nitb  thoBe  of  other  InBtrumenle,  a  icate,  having   ocrtain  i 
poinlB,  at  the  leaat  two  in  number,  must  be  adnpted  (o  it 

It  ban  been  obeerved,  thai  tbe  lemperatiire  of  melting  ioe,  that  b  t< 


of  a  tuixture  of  it 


,  Ib  alirsfB  o 
graduated,  plunged  iut 
the  Hame    cfegree    of  t 


[It:  a  tbermometer,  a 

n  Buoh  a  mixture,  alwaya  n 

r  lemptrnlare,  and   a  aimple 

r  dexcribed  and  eo  treated,  eshim 

the  aame  effect  in  tbe  unchanged  height  of  the  lild 

mercurial  oolumo,  when  tried  from   day  to  day. 

freeiiog-polnt  of  water,  or  melting-point  of  ice,  CO 

totes  then  one  of  tbe  invariable  temperatures  demand*!,  ' 

Another  is  to  be  found  In  tbe  boiling-point  of  walW, 
or,  mnro  accurately,  in  the  temperntDre  of  steam  wbtsh 
riBOB  from  boiling  water.  In  order  to  give  tbia  ten* 
peralure,  which  rrmainii  perfectly  cunntant  whilst  Iha 
barometrio  proBBure  is  constAnt,  to  tbe  meraiiry  of  tbi 
Ibannometer,  diatilled  water  is  mode  U>  boil  in  a  glaH 
Teatel  witb  a  long  neck,  when  the  preaaure  is  at  SO 
inohca  (Bg.  23),  Tbe  thermometer  is  then  bo  placed  that 
all  the  mercury  is  surrounded  *rilh  steam.  It  quieUy 
liecB  to  a  fixed  point,  and  there  it  remains  as  long  a*  the 
water  bollB,  and  the  height  of  tbe  bsromcler  is  nnohntigod. 
The  tube  having  been  carefully  marked  witb  a  file  at  these  two  poinla,  it 
remaina  to  divide  the  interval  Into  degrees:  thia  dlviaion  is  entirely 
arbitrary;  Id  the  greater  part  of  Europe,  the  scale  called  Centifradt  bl 
employed,  the  Hpnoe  in  queation  being  divided  into  100  parts,  the  uro  bring 
placed  at  the  freeiing-point  of  water.  The  scale  Is  oontinued  above  and 
below  these  points,  numbeni  below  0  being  diBtingulsbed  by  the  ne^tive  ligii. 
Id  EngUnd  the  very  inconvenient  diviaion  of  Fahrenheit  la  atill  in  use :  Sia 
above-mentioned  space  is  divided  into  180  degreea,  but  tbe  tero,  instead  of 
atarling  from  tbe  freeting-poiut  of  water,  ia  placed  82  degrees  below  it 
that  tbe  tem peralure  of  ebulliUoD  is  exprnsaeil  by  the  number  of  2]2°. 

The  plan  of  Keaumnr  is  nearly  confined  to  a  few  places  in  Ihc  north  ttt  I 
Germany  aed  to  Buasla :  in  tbia  aoale  tbe  freeiing-point  of  water  ia  mndo  0*t  I 
and  tbe  boiling-point  80°. 

It  la  Dnfortunate  that  an  uuifonn  ayatem  baa  not  been  g 
graduating  thermometers ;   Ibla  would  render  unnc 
BOW  CO  frequently  has  to  be  performed  of  translating  the  language  of  one  M 
Into  that  of  BDotber.     To  effect  tbia,  presents,  however,  no  great  difficn' 
iliet  it  be  required,  for  example,  to  luiow  the  degree  of  Fahrenhut'i 
UsliiGli  oortespwiiJs  to  60°  Centigrade. 


I00''C  =  180''F,  or5"C  =  8'F. 
ConaeoDently, 

5 .-  9  =  eo ;  108. 

Bnt,  theo,  M  Ftthrenbeit'e  scale  commenaea  with  32°  instead  of  0",  that 
nuinber  miiat  be  added  to  the  reBult,  laakiiig  60°  C  =  140°  F. 

The  role  then  nill  he  the  following :  —  To  convert  Ceoligrade  degrees  intr> 
Fahrepheit  de^reea,  multiply  by  9,  diride  the  product  by  5,  and  iLdd  S2;  to 
aonvert  Fuhrenheit  degrecB  into  Centigrade  dcgrecB,  subtract  32,  multiply  b; 
6.  and  divide  by  9. 

The  reduction  of  negative  degreeB,  or  those  below  lero  of  one  Bcaia  into 
those  of  another  scale,  is  effocted  in  the  same  way.  For  example,  to  convert 
^^^— 15C  into  degrees  of  Fahrenheit  — 

m- 

Iferonry  is  nsnally  chosen  for  mating  thermometers,  on  account  of  its 
refolarity  of  eipnnEioa  vtithio  certain  limits,  and  because  it  is  easy  to  have 
Ibe  scale  of  grent  extent,  from  the  large  interval  between  the  freeiiug  and 
b<nliiig  points  of  the  melal.  Other  substances  are  Bametines  used ;  alcohol  is 
employed  for  estimating  very  Jow  temperatures. 

AiF-thennometers  are  also  used  for  some  few  particular  pnrpoeea;  indeed, 
tbefirst  thermometer  ever  made  was  of  this  kind.  There  are  two  modification b 
of  this  instrnment:  in  the  first,  the  liquid  into  which  the  tube  dips  is  open  to 
the  air;  and  in  the  second,  shown  below,  the  atmosphereis  completely  excluded. 
'eats  of  expansioD  ore  in  the  one  case  complicated  with  those  ansinf 


e-16x=  +  3: 


-27  +  82  =  +6F. 


n  ebanges  of  preesore,  and  in  the  other  cease  to  be  risible  at^ll  when  the 
irliDle  instrument  is  subjecCed  to  ultcrationB  of  tcmporatare,  because  the  air 
ji  the  upper  and  lower  reservoir,  being  equally  affected  by  such  changes,  no 
•Iteration  in  the  height  of  the  fluid  column  can  occur.  Accordingly,  such 
'.nitnunents  are  called  differmliat  thermometers,  since  tbey  serve  to  measure 
lifferencea  of  temperatures  between  th«  two  portions  of  air,  while  cbanges 
iffecting  both  alike  are  not  indicated.     Fig.  26  sbowa  another  form  of  the 


se 
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The  ftir-tbennoiBetei'  m»;  be  employed  for  measuring  nil  temperstaKB  ttvm 
the  lowest  to  Iho  highest;  M,  Pooillet  has  described  ooe  by  which  the  heftt  vt 
u>  eir-famace  coold  be  measured.  The  roserruir  uf  this  inBtrur 
platinum,  aod  it  is  aonnooted  with  s  piece  o!  ■ppanttus  bf  which  U 
of  Tolume  experienced  b;  tbe  included  air  is  determined. 

An  excellent  air- thermometer  has  been  conetracted  and  used  b;  Bndbergi 
and  more  rooently  b;  Magnus  and  Begnanlt,  for  measuring  tlie  expansion  of 
the  air.  Its  oonatrnction  depeode  on  the  law,  that  when  air  ia  heated  and 
bindored  from  expanding,  its  tension  increases  in  the  same  proporttan  Is 
vhioli  it  would  hare  increased  in  volume  if  permitted  to  expand. 

All  bodies  are  enlarged  in  their  dimeDsions  by  the  application  of  beat,  and 
reduced  by  its  abstraction,  or,  in  other  words,  contract  on  being  urtifioiall/. 
ODOled:  tins  effect  takes  place  to  a  comparatively  smalt  extent  with  solids,  U 
K  larger  amotmt  in  liquids,  and  most  of  all  in  the  ease  of  gases- 
Each  solid  and  liquid  has  a  rate  cf  expansion  peculiar  to  itself;  gaseo,  U 
the  eontnjy,  expand  nearly  alike  for  tbe  same  increase  of  heat, 

Tbe  difierenoe  of  expansibility  among  solids  is  very  easily  illustrated  by  Qu 
following  arrangement:  a  thin  straight  bar  of  Iron  is  firmly  fixed,  by  nums 
Tons  riTets,  to  a  similar  bar  of  brass :  so  long  as  the  temperature  at  wbiek 
tbe  two  metals  were  united  remains  onohangod,  the  compound  bar  preserraa' 
Its  sk«ight  figure ;  bat  any  alteration  of  temperature  gires  rise  to  a  corres- 
ponding euTTature.  Brass  is  more  dilatable  than  iron ;  if  the  bar  be  heated, 
therefore,  the  former  expands  more  than  the  tatter,  and  forces  the  str^ght 
bar  into  a  curve,  whose  convex  side  is  the  brass ;  if  it  be  artificially  coolsdi 
tbe  brass  oontracts  more  than  the  iron,  and  the  reverse  of  this  effect  b 
prodaoed. 


Fig.  20. 


This  fact  has  received 
insist  on  the  importance 
snrement  of  time ;  SMch  ai 
tion  of  astronomical  sci 
e  they  g" 


it  necessar;  to  1 


most  valuable  applicatioii. 
)f  possessing  iDstrumeota  f 
I  abeolntety  indispeosuble  to  the  suceessf^  cultjva- 
loe,  and  not  less  useful  to  the  navigator,  from 
finding  the  longitude  a'  —  * 


time,  notwithstanding  the  perfection  of  finish  and  adjustment  bestowed  open 
eloolts  and  watches,  an  apparently  insonnouDtAble  obstacle  presented  itsdf  J 
t«  their  uniform  and  regular  movemeut:   this  obstacle  was  the  change  oT  I 
dimeDsions  to  which  the  regulating  parts  of  the  machine  were  subject  bf  I 
alteratiouB  of  temperature.     A  clock  may  be  defined  as  an  instrumenl  tut'  ^ 
registeringthe  number  of  beats  made  by  a  pendulum :  now  tbe  lime  of  oseilla'   ' 
ban  of  a  pendnium  depends  jirincipalSy  upon  its  length,-  any  alteration  ia 
this  condition  will  serioasly  affect  tbe  rate  of  the  clock.     The  material  (if 
which  the  rod  of  the  pendulum  is  composed  is  subject  to  expansion  and  con- 
baction  by  changes  of  temperature ;  so  that  a  peadulum  ai^asted  to  vibrate 
Hoonds  at  60°  (16°-5C)  would  go  too  slow  if  the  temperature  rise  ti 

I    (!1°-IC),  &am  its  elongation,  and  too  fast  if  the  temperature  UH  ti 

L(10°C},  ftom  the  opposite  cause. 


OT 

ThiB  Ereat  fliffieullj  has  been  oTercome ;  bj  mnking  the  rod  of  a  niimliCT  nf 
bars  of  iron  and  tarasa,  or  Iron  and  tine,  nielsla  whose  mtcs  of  cupanaion  are 
different,  and  nrranging  Ihcae  bars  in  such  a  manner 
Fig.  ZI.        that  tbe  eipansiaD  in  one  directiaa  of  (be  iron  ?ba1l  be    ^Ie<  ^ 
„  eiactlj  compenanled  by  that  in  the  opposite  direction 

I  of  the  brasH  or  late,  it  is  possible  to  mniDtain  under  all 

I  ci re umE lances  of  temperature   an   invariable  distance 

ff^UBfl  betneen  tbe  points  of  suspension  and  of  oscillation. 
This  is  ofWn  called  tbe  gridiron  ptndidutui  fig.  27  will 
clearly  tUnstrate  its  principle ;  the  shaded  bars  are  sup- 
posed to  be  iron  acd  the  others  zinc. 

A  still  simpler  compensation-peDdulnm  is  thus  COD- 
strneted.  The  weight  or  bob,  instead  of  being  made  of 
a  diso  of  metal,  ooQeiala  of  a  oylindrioal  glass  jar  con- 
tainiog  mercurj,  which  is  held  b;  a  stirrup  at  the  ei- 
tretuit;  of  the  steel  pcndiilnm-rod,  fig,  23.  The  same 
increase  of  temperature  which  lengthens  this  rod,  caoses 
the  rolume  of  the  roeroury  to  enlarge,  and  its  level  to 
rise  in  the  jar :  the  centre  of  gravity  is  thus  elevated,  j 
find  by  properly  adjnsdng  tbe  quantity  of  mercury  in 
"  a  glass,  the  virtual  length  of  the  pendulum  may  be    \ 


stant. 


FlB.  29. 


tches,  the  governing  power  is  a  horiiontal  weighted  wheel, 

lotjon  in  one  direction  hy  the  machine  itself,  and  in  the 

J  a  fine  spiral  spring.      The  rate  of  going  depends  greatly 

on  tne  diameter  of  this  wheel,  and  tbe  diameter  is  of  necessity 

subject  to  variation  by  obatige  of  temperature.      To  remedy  the  ovil  thus 

involved,  the  circumferenee  of  the  balance- wheel  is  made  of  two  metals  having 

different  rates  of  expansion,  firmly  soldered  together,  the  more  eipansibla 
being  on  the  outside.  The  compound  rim  is  also  cut 
through  in  two  places,  as  represented  in  the  drawing. 
When  the  watch  is  exposed  to  a  high  temperature,  and 
the  diameter  of  the  wheel  becomes  enlarged  by  ex- 
pansion, each  segment  is  made,  by  the  saroB  agency, 
to  assume  a  sharper  cnrve,  whereby  its  centre  of  gra- 
vity is  thrown  inwards,  and  the  expausire  effect  com- 
pletely compensatod.  Many  other  beautiful  applica- 
tions of  (he  same 
principle  might  be 
pointed  oat;  the  me- 
tallic thermometer 
of  M.  Br^gnetiaone 
of  these. 
Mr.  Daniel!  very  pkilfnlly  applied  the  ex- 
pansion of  a  rod  of  metal  to  the  measure- 

uent  of  temperatures  above  those  capable 

of  being  indicated  by  the  thermometer.     A 

rod  of  iron  or  platinum,  about  five  inches 

king,  is  dropped  into  a  tube  of  black-lead 

earthenware ;  a  little  cylinder  of  baked  por- 

eelain  is  put  over  it,  and  secured  in  its  place 

b;  ft  platinum  strap  and  a  wedge  of  porce- 

luQ.      When  tbe  whole  is  exposed  to  boat, 

the  expansion  of  the  bar  drives  forward  the 

cylinder,  which  moves  with  a  certain  degree 

of  friction,  ^nd  shows,  by  the  extent  of  its  displacement,  the  lengthening 

whicb  the  bar  has  undergone.     It  remains,  therefore,  ia  mea&ai«  \.Vlb  w 
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of  Uiis  displaeemeDt,  irfajch  mait  be  Ter?  EmaTl,  eren  whea  tli«  bett  Iiu  b««B 
eiceedmgly  iDteose.  This  ia  efleoted  by  Iha  contrivuicG,  ahown  in  tha  drwt 
ing.  ID  vhich  Ibe  motion  of  the  longer  arm  of  the  lever  csn-;ing  the  Tcmier 
of  the  scale  ia  mnlttplied  by  10.  in  conaeqaence  of  ita  superior  length.  Tba 
aeale  itself  is  mHde  comparBible  with  th&t  of  the  ordinary  thermometer,  by 
plunging  the  instrument  into  a  bath  of  mercury  near  ita  point  of  congeliititni, 
and  aftenrarda  into  another  of  the  same  metal  in  a  boiling  Blale,  and  marking 
off  the  inlerral  By  thia  inatrumetit  the  melting-point  of  caat  iron  was  fixed 
M  27B6°  Fnhrenbeit  (1GeO°C),  and  the  great«at  bent  of  a  good  wind-famaoe 
Btaboat330O°  (1815*C.) 

The  actnal  amount  of  eipanaion  which  different  solida  undergo  by  the  aam« 
increase  of  heat  has  been  carefully  iniestigated.  The  foUoTing  are  some  of 
the  results  of  the  best  inveetigationa,  more  particularly  those  of  Lavoiiier 
Laplaoe.  The  fraction  indicates  the  amount  of  expausiuQ  in  length  Bafftireil 
by  rods  of  the  under-mentioned  bodies  in  passing  from  32°  (0°C)  to  218^, 

aoo-c.)  ' 


Glass  vithout  lead 
Another  specimen 
Steel  uDtempered  . 


t 

Tempered  steel 

iVt 

Gold 

SI 

Vc 

Brass      , 

Siker      . 

oVn 

Lead        .         . 

£ 

Zino         .         . 

From  the  Umar  expansion,  the  aibie  expansion  (or  increase  of  Totnme)  tn» 
be  calculated.  When  the  expansion  of  n  body  in  different  directions  is  eqnii, 
u,  for  exftmple,  in  glass,  hnmmered  metals,  and  generally  in  most  nncTTstal- 
lised  substances,  it  will  be  snlGoieDt  to  triple  the  fraction  expressing  the  in- 
ereasc  in  one  dimension.  This  rule  does  not  hold  true  for  crystals  belonging 
to  irregalar  systems,  for  they  expand  uneqaolly  in  the  direction  of  the  differ- 

Met&ls  appear  to  expand  pretty  nniformi;  for  equal  increments  of  heat 
Hithin  the  limits  stated,  but  above  the  boiling-point  of  water  the  rate  of  ttr 
pansiou  becomes  irregular  and  more  rapid. 

The  force  exerted  in  the  act  of  expansion  is  ver;  great.  In  laying  dom 
nilways,  building  iron  bridges,  erecting  long  ranges  of  steam-pipes,  and  in 
executing  all  works  of  tbe  bind  in  which  metal  is  largely  naei),  it  is  indispen- 
sable to  make  provision  for  these  changes  of  dimensions. 

In  consequence  of  glass  and  plaCinnm  having  nearly  the  some  amonnt  of 
expansion,  a  thin  platinum  wire  may  be  fused  into  a  gloas  tube,  withoDi  anf 
fear  that  it  will  break  on  cooling. 

A  very  usefal  little  application  of  expansion  by  heat  is  that  to  the  cutting 
of  glnsa  by  a  hot  iron :  this  is  constantly  practised  in  the  laboratory  for  k 
great  variety  of  purposes.  The  glass  to  be  cut  ia  marked  with  ink  in  tba 
iriahed-for  direction,  and  then  a  craeb  commenced  by  any  convenient  method, 
at  some  distance  from  the  desired  line  of  fracture,  ma;  be  led  by  tha  point  of 
a  heated  iron  rod  along  the  latter  with  the  greatest  precisian. 

Exparuim  ef  Fbadt. — The  dilatatioD  of  a  fluid  may  be  determined  by  ElHi 
with  it  a  tnlrmometer,  in  wbibh  the  relation  between  the  capacity  of  thi  ' 
and  that  of  the  stem  is  exactly  known,  and  obserring  the  height  of  the  co 
at  different  temperatures.     It  is  necessary  in  this  experiment  to  take  inl 
Ikecount  the  effects  of  the  expansion  of  the  gloss  itself,  the  observed 
'  'ng  evidently  the  differma  of  the  two. 
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Apparmt  Dilatation  in  Qlati  biticrin  32"  (0"C)  and  212'  [XWfV}. 

Water ^ 

Hydrochloric  noid,  sp.  ff.  1'137 Vt 

Nitric  acid,  ep.  gr.  1*4 ^ 

Sulphuric  acid,  sp.  gr.  1'85 tV 

Ether tV 

Olive  oil i. 

Alcohol i 

Mercury ft 

Most  of  these  DQinbera  mnst  be  taken  as  representing  meaa  resnlta;  for 
there  nra  few  flnidB  which,  lite  mercury,  eipujid  regularly  between  these  tom- 
peratureB,  Eien  meronr;  above  212°  (1<>0''C)  bIiowb  an  uaeqanl  and  in- 
Creoaing  eipnJiBion,  if  the  temperature  indicated  by  tho  ai    "  '       ' 

oaed  for  compsrison.     This  is  ahown  by  the  followiug  a 
given  by  Regnault :  — 


t  of  a  table 


0-C 
lOO-C 
SOOoC 
300=0 
360°G 


6I39°.2F 


IDO^C 
200''C 
301  "C 
854-C 


The  absolute  amount  of  eipansion  of  mercury  is,  for  many  reasone,  a  point 
of  great  importance :  it  baa  been  very  carefully  determioed  by  a  method  in- 
depeadent  of  the  eipnusion  of  the  containing  Tessel,  Tbe  apparatus  employed 
for  this  purpose,  first  by  MM.  Dulong  aud  Petit,  and  later  by  Regn&Hl^  la 
Bhoim  in  fig.  31,  divested,  however,  of  man;  of  lie  sabordinste  ports.   It  mh) 


iFo  upright  glass  tabes,  connected  at  their  bases  hy  a  horiiontal  tub* 
of  much  smaller  dimonsiona.  Since  a  fVee  communicaUan  exists  between  tbe 
two  tnheB,  mercury  pountd  into  tbe  one  will  rise  to  the  same  level  in  the  oUier, 
provided  its  lemperalitre  ia  the  same  in  both  tubes :  when  this  is  not  the  oaae, 
the  hotter  column  will  be  tbe  taller,  because  the  expansion  of  the  metal  dimin- 
ishea  its  specific  gravity,  and  the  liiw  of  hjdrnstalio  equilibrium  requires  that 
the  heights  of  such  columns  should  be  inversely  as  their  denaxtiea.    %^  ^^a 


so  BIAS- 

tid  of  the  oQier  oyllodere,  one  of  Ihe  tubes  is  m*!ntaiDect  aoiiBtitnU;  at  S2'>  (0^, 
while  tbe  otiicr  is  ruised  by  moaaa  o(  heaUd  water  or  oil,  to  any  required  tem 
peratore.  The  perpendicular  hciglits  of  the  columaa  mn,;  then  be  read  off  b} 
a  horiioDtal  micrometer  telescope,  moving  on  a  lertical  diiided  scale. 

These  heights  rcpreKsnt  Tolumee  of  cquul  weight,  becauee  Tolumes  of  equal 
weight  bear  an  inverae  proportion  to  tbe  densities  of  the  liquids,  so  that  th* 
amoont  of  eipanaion  admitu  of  being  Tcrj  cneil;  cnlcnlated.  Thus,  let  th*' 
BoluiDU  Ht  32°  (0°C)  be  G  inohea  high,  and  that  at  212°  (100°C}  6-lOS  inohM,. 
the  inareuBe  of  height,  lOB  od  GOOO,  or  y^.j  part  of  the  whole,  muft  represent 
the  absolute  cubical  expansion. 

""     ■    '■     "■    iBof  tbe  morourial  thermomelerareinaociirate  when Tery '""'" 


e  increased  etpaneibilit;  of  the 
early  compenuLled  for  tempera- 
□  of  the  glass  tube.  For  highar 
lb  the  above  table  shows. 
I  in  fluidx  eiista  in  the  case  of 
iB  so  important,  that  it  is  necet- 


k 


rangoB  of  temperature  are  conoErned,  t 
nietui     The  error  thna  caused  ia,  honi 
lures  under  400°F  (204°'6G}  by  tbe  eipanaioi 
temperatures  a  amall  correction  is  necessary,  a 

An  eioepdoa  to  the  regularity  of  eipanaion 
water:  it  is  so  remarkable,  and  its  consequence 
ear;  to  advert  to  it  particnlarly. 

Let  a  large  thermomeler-tube  be  filled  with  water  at  the  common  temperatur* 
of  the  air,  and  then  artificially  eooied.  The  liquid  will  be  observed  to  oon- 
tract,  Dutil  the  temperature  falls  to  about  40°,  (4''-44C)  or  8°  above  the  freet- 
ing  point.  After  Uiis,  a  farther  reduction  of  teiBperaturo  cauaes  ezpansiOB 
instead  of  oontraotion  in  the  volume  of  the  water,  and  thia  eipanaion  oontlniMa  . 
until  the  liquid  arrivee  at  its  point  of  congelation,  when  no  sudden  andvi 
an  enlargement  takes  plaoe,  that  the  vessel  is  alnioet  invariably  broken, 
ie  temperature  of  40°  (4°44C),  or  more  correctly,  perhaps,  aS^-E,  {i'lQ), 
water  is  at  its  maximum  density;'  increase  or  diminution  of  heat  prodnoM^ 
upon  it,  for  a  short  time,  the  same  effect. 

A  beautiful  experiment  by  Dr.  Hope  illnstrates  the  same  fact.  If  a  tall  jac 
filled  with  water  at  60°  (10°C)  or  GO"  (16°-5C).  and  having  in  it  two  Email  ther- 
tnometers,  one  at  the  bottom  and  the  other  near  the  sorfaoe,  be  placed  al 
in  A  very  oold  room,  the  following  changes  will  be  observed.  The  thennometw  ~ 
at  the  bottom  will  full  more  rapidly  than  that  at  the  top,  until  it  has  attuned 
tbe  temperature  of  40°  (4°-4C),  after  which  it  nill  remain  stationarj.  At  ' 
length  the  upper  thermometer  will  alno  mark  40°  (4°-4C),  but  still  contjooe  to 
Bink  aa  rapidly  as  before,  white  that  at  tlie  bottom  remaina  slstionary.  It  is 
easy  to  explain  these  effects :  the  vater  in  the  upper  part  of  the  jar  is  npidlj 
oooled  by  contact  with  tbe  air;  it  becomes  denser  in  consequence,  and  falls  to 
the  bottom,  its  place  being  supplied  by  the  lighter  and  warmer  liquid,  whitdkio 
ita  turn  suffers  the  same  change;  and  this  circulation  goes  on  antll  the  whole 
innss  of  water  has  acquired  its  condition  of  maximum  density,  that  is,  until  tha  | 
temperature  has  fallen  to  40°  (4°'4C).  Beyond  this,  loss  of  heat 
expansion  instead  of  cnntrootian;  bo  that  the  very  cold  water  on  the  surfbotj 
has  no  tendency  to  sink,  but  rather  the  reverse. 

This  singular  anomaly  in  the  behavior  of  water  is  attended  by  the  moat  bene-  ^ 
ficini  consequences  in  shielding  the  inhabitants  of  the  natera  from  excesslTO 
Dold.  The  deep  Inksa  of  the  North  American  continent  never  freeze,  the  Intenae 
and  prolonged  cold  of  tbe  winters  of  those  regions  being  inauffioient  Id  reduce 
Ihe  lemperatare  of  such  mnsaes  of  water  to  40°  (4°-4C).  Ice,  however,  at 
groat  thickncsB  forma  over  the  shallow  portions,  and  tbe  rivers,  and  aecunu;  ^ 
latea  in  mounds  upon  the  beaches,  whereihe  waves  are  driven  up  by  the  wind" 

Above  the  freeilng-point  sea-water  has  no  point  of  maximum  densi^.   ~ 
more  it  is  eooled  tbe  denser  it  becomes,  until  it  solidiaea  at  26°-5  (8°C). 
gradual  expnntioii  of  pure  water  cooled  helow  40=  (4°'4C}  must  be  carefully 
tipguishcd  fi'Din  the  great  and  sudden  increase  of  volume  it  oihibits  in  the 
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ti  freezing,  and  in  which  respect  it  resembles  many  other  bodies  which  expand 
on  solidifying.  It  may  be  observed  that  the  force  thus  exerted  by  freezing 
water  is  enormous.  Thick  iron  shells  qaite  filled  with  water,  and  exposed  with 
their  fuse-holes  securely  plugged,  to  the  cold  of  a  Canadian  winter  night,  have 
been  found  the  following  morning  ^plit.  The  freezing  of  water  in  £e  joints 
and  crevices  of  rocks  is  a  most  potent  agent  in  their  disintegration. 

JSxpannon  of  Oases. — This  is  a  point  of  great  practical  importance  to  the 
chemist,  and  happily  we  have  very  excellent  evidence  upon  the  subject  -  The 
following  four  propositions  exhibit,  at  a  single  view,  the  principal  facts  of  the 
case:  — 

1.  All  gases  expand  nearly  alike  for  equal  iicrements  of  heat;  and  aU 

Tapors,  when  remote  from  their  condensing-points,  follow  the  same  law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of  compres-  . 

sion,  or  elastic  force  of  the  gas  itself. 

8.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat. 

4.  The  actual  amount  of  expansion  is  equal  to  ^ ^^  part  of  the  Tolume  of 
the  gas  at  O^*  Fahrenheit,  for  each  degree  of  the  same  scale. 

It  will  be  unnecessary  to  enter  into  any  description  of  the  methods  of  inves- 
tigation by  which  these  results  have  been  obtained;  the  advanced  student 
will  find  in  Pouillet's  EUmens  de  Physique,  and  in  the  papers  of  MM.  Magnus^ 
and  Begnault,*  all  the  information  he  may  require. 

In  the  practical  manipulation  of  gases,  it  very  often  becomes  necessary  to 
make  a  correction  for  temperature,  or  to  discover  how  much  the  volume  of  a 
gas  would  be  increased  or  diminished  by  a  particular  change  of  temperature : 
this  can  be  effected  with  great  facility.  Let  it  be  required,  for  example,  to 
find  the  volume  which  100  cubic  inches  of  any  gas  at  50®  (10®  C)  would 
become  on  the  temperature  rising  to  GO^*  (15<>'5C). 

The  rate  of  expansion  is  ^|^  of  the  volume  at  0^*  for  each  degree ; '  or  460 
measures  at  O®  become  461  at  !<>,  462  at  2o,  •  -460  4-  50  =  510  at  50®,  and 
460  +  60  =  520  at  60®.     Hence 

Mea8.at50°.       Meas.  ateo®.,       Heas.  atSO®.       Meas.  ateo®. 
510        :        520        =r       100        :      101*96. 

If  this  calculation  is  required  to  be  made  on  the  Centigrade  scale,  it  must 
be  remembered  that  the  zero  of  that  scale  is  the  melting-point  of  ice.  Above 
this  temperature  the  expansion  for  each  degree  of  the  Centigrade  scale  is  -^^ 
of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  very  frequent 
occurrence  in  chemical  investigations,  and  the  student  will  do  well  to  become 
ft&miliar  with  them.  ' 


Note. — Of  the  four  propositions  stated  in  the  text,  the  first  and  second  have 
quite  recently  been  shown  to  be  true  within  certain  limits  only ;  and  the  third, 
although  in  tiie  highest  degree  probable,  would  be  very  difficult  to  demonstrate 
rigidly ;  in  fact,  the  equal  rate  of  expansion  of  air  is  assumed  in  all  oxperi- 
mente  on  other  substances,  and  becomes  the  standard  by  which  the  results 
are  measured. 

The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the  same,  but 
the  difference  is  so  small,  that  for  most  purposes  it  may  with  perfect  safety 
be  neglected.    Neither  is  the  state  of  elasticity  altogether  indifferent,  the 

*  PoggandorfPs  Annalen,  iv.  1.  *  Ann.  Ghim.  et  Phys,  3d  series,  It.  5,  and  v.  52. 

'  [Or  the  amount  of  expansion  is  equal  to  l-492d  part  of  tbe  volume  the  gas  xxupies  at  32°F. 
for  each  degree  of  Fahrenheit's  scale.    On  the  centigrade  scale  the  expansion  is  l-273d  part  of 
the  bulk  at  OPO.  —  B.  B.1 
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expansion  being  sensibly  greater  for  an  eqnal  rise  of  temperature  when  the 
gas  is  in  a  compressed  state. 

It  is  important  to  notice,  that  the  greatest  deviations  from  the  rule  are 
exhibited  by  those  gases  which,  as  wiU  hereafter  be  seen,  are  most  easily 
liquefied,  such  as  carbonic  acid,  cyanogen,  and  sulphurous  acid ;  and  that  the 
discrepancies  become  smaller  and  smaller  as  the  elastic  force  is  lessened :  so 
that,  if  means  existed  for  comparing  the  different  gases  in  states  equally 
distant  from  their  points  of  condensation,  there  is  reason  to  believe  that  the 
law  would  be  strictly  fulfilled. 

The  experiments  of  Dalton  and  Gay-Lussac  give  for  the  rate  of  expansion 
j^^  of  the  volume  at  0° :  this  is  no  doubt  too  high.  Those  of  Rudberg  give 
,^;  of  Magnus  ,^;  and  of  Begnault^J,;  the  fhiction  ,^^  w  adopted  in 
the  text  as  a  convenient  number,  sufficiently  near  the  mean  of  the  three 
preceding  to  answer  all  purposes. 


Fig.  32. 


The  ready  expansibility  of  air  by  heat  gives  rise  to  the  phenomena  of  winds 
In  the  temperate  regions  of  the  earth  these  are  very  variable  and  uncertain, 
but  within  and  near  the  tropics  a  much  greater  regularity  prevails :  of  this  the 
trade-winds  furnish  a  beautiful  example. 

The  smaller  degree  of  obliquity  with  which  the  8un*8  rays  fall  in  the 
localities  mentioned,  occasions  the  broad  belt  thus  stretching  round  the  earth 

to  become  more  heated  than  any  other  part 
of  the  surface.  The  heat  thus  acquired  by 
absorption  is  imparted  to  the  lower  stratum  of 
air,  which,  becoming  expanded,  rises,  and 
gives  place  to  another,  and  in  this  manner  an 
ascending  current  is  established, —  the  colder 
and  heavier  air  streaming  in  laterally  from  the 
more  temperate  regions,  north  and  south,  t6 
supply  the  partial  vacuum  thus  occasioned. 
A  circulation  so  commenced  will  be  completed 
in  obedience  to  the  laws  of  hydrostatics,  by 
the  establishment  of  counter-currents  in  the 
higher  parts  of  the  atmosphere,  having  direc- 
tions the  reverse  of  those  on  the  surface. 
Such  is  the  effect  produced  by  the  unequal 
heating  of  the  equatorial  parts,  or,  more  correctly,  such  would  be  the  effect 
were  it  not  greatly  modified  by  the  earth's  movement  of  rotation. 

As  the  circumference  of  the  earth  is,  in  ]k»und  numbers,  about  24,000  miles, 
and  since  it  rotates  on  its  axis,  from  west  to  east,  once  in  24  hours,  the  equa- 
torial parts  must  have  a  motion  of  1000  miles  per  hour ;  this  velocity  diminishes 
rhpidly  towards  each  pole,  where  it  is  reduced  to  nothing. 

The  earth  in  its  rotation  carries  with  it-  the  atmosphere,  whose  velocity  of 
movement  corresponds,  in  the  absence  of  disturbing  causes,  with  that  part 
of  the  surface  immediately  below  it.  The  air  which  rushes  towards  the 
equator,  to  supply  the  place  of  that  raised  aloft  by  its  diminished  density, 
brings  with  it  the  degree  of  momentum  belonging  to  that  portion  of  the  earth'f 
surface  from  which  it  set  out,  and  as  this  momentum  is  less  than  that  of  the 
earth,  under  its  new  position,  the  earth  itself  travels  faster  than  the  aii 
immediately  over  it,  thus  producing  the  effect  of  a  wind  blowing  in  a  contrarj^ 
direction  to  that  of  its  own  motion.  The  original  north  and  south  winds  ar( 
thus  deviated  from  their  primitive  directions,  and  made  to  blow  more  or  less 
lh>m  the  eastward,  so  that  the  combined  effects  of  the  unequal  heating  and 
f  the  moy^meDt  of  rotation  is  to  generate  in  the  northern  hemisphere  * 


BEAT.  68 

•mttat  north-eut  wind,  •net  In  tbe  toalbem  hemiaphere  sn  eqa^I;  MOituit 
•nth-net  wind. 

b  lb«  mne  manner  the  npper  or  retnni  ng.  ^ 

NRtnt  ii  Eabject  to  k  cbange  of  direction  in 
ftl  mane  oi^ar ;  the  rapidly-moving  wind  of 
SM  bo^M,  tnnafetrcd  l&lerallf  towarde  the 
pole^  ii  goon  found  to  travel  faster  than  the 
Milk  beneath  it,  prodncing  the  efirat  of  & 
*M(i(j  wind,   vUah   modifies  the  primarf 


Bie  T^olaritr  of  the  trsde-windB  il  mnch 

iMarhrad  with  b;  the  neighborhood  of  large 

KmtiiientB,  which  prodaee  IocrI  etfecta  upon  a 

•nt«  anSdently  great   to  modlfj  deeply  the 

diraetion  and  force  of  the  wind.     This  is  the 

MM  in  the  Indian  Ocean.  Tbej  osuall j  extend 
tnm  about  the  28th  degree  of  latitude  in  both 
Ou  eqnator,  but  are  anbject  to  Bome  varialioni 
Iktm,  and  also  bejond  their  boundaries,  lie  belte  of  calme  and  light  variable 
RiBda;  and  beyond  these  latter,  extending  into  higher  latitudes  in  both 
Imigpherea,  westerly  winds  neually  prevail.  The  general  direction  of  the 
Inde-wind  of  the  Northern  Hemiaphere  ia  E.N.E,,  and  that  of  the  Sonthem 
henbpbere  E.8.E. 

The  trade-winds,  it  may  be  remarked,  ftimteh  an  admirable  physical  proof 
af  the  nali^  of  the  earth's  movement  of  rotatiou. 

Th«  theory  of  the  action  of  chimneys,  and  of  natural  and  artificial 
nntilation,  belongs  to  the  same  snbject. 

Let  the  reader  tarn  to  the  demanstration  given  of  the  Archimedean  hjdro- 
Itatio  theorem:  let  him  once  more  imagine  a  body  immersed  in  water,  and 
having  a  denmtj  equal  to  that  of  the  water;  it  will  remain  in  eqnilibrio  in 
any  part  beneath  tlie  surface,  and  for  these  reasons:  —  The  force  which 
presses  it  downwards  is  the  weight  of  the  body  added  to  the  weight  of  the 
tolnnin  of  water  above  it ;  the  force  which  presses  it  upwards  is  Uie  weight 
•f  a  column  of  water  eqnal  to  the  height  of  both  conjoined  ;  —  tbe  density 
of  the  body  is  that  of  water,  that  ie,  it  weighs  as  much  oa  on  equal  bulk  of 
that  liquid;  ooDsequentlj,  the  downward  and  npward  forces  are  equally 
baliaeed,  And  the  body  remains  at  rest. 

Next,  let  the  circumstances  he  altered;  let  the  bdSy  be  lighter  than  an 
equal  bnik  of  water ;  the  pressure  upwards  of  the  column  of  water  a  c, 
b  no  longer  compensated  by  the  downward 
prMEnre  of  the  corresponding  column  of  solid 
and  water  above  it ;  the  farmer  force  propon- 
dentea,  and  the  body  is  driven  upwards.  If, 
on  tlM  ooutnry,  the  body  be  specifically  heavier 
than  water,  then  the  latter  force  has  the  aecend- 
■noy,  and  the  body  nnks. 

iU  things  BO  deaciibed  eilsl  in  a  common  chim- 
ney; the  solid  body,  of  tha  same  density  as  thnt 
of  the  Snid  in  which  it  floata,  ie  represented  by 
the  air  in  the  ohimney-fannel ;  the  space  a  6  rep- 
resents the  whole  atmosphere  above  it.  When  the 
air  inside  and  outside  the  chimney  is  at  tbe  same 
tsmpemtnre,  equilibriam  takes  place,  because  tbe 

downward  tendency  of  the  air  within  is  counteracted  by  the  npward  pressure 
e(  that  withonL 

No*,  let  the  chimney  be  heated ;  tbe  air  suffers  eipausian,  and  %  ^ottitt^  ^ 
npdlsd;  the  oUmnej  tberefore  oontatna  a  smalleT  wel^Ut  tl  a.n  <AiKn  W  4iA 
Maw/  lit  eiteraal  aad  interatl  oolttnuiB  no  longor  belaooa  «wt^  "**" 
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tbe  warmer  Mid  lighUvr  air  is  forced  npvards  from  below,  md  it«  plaw  wof 
plied  by  cold  air.  If  tho  hrick-work,  or  other  mnlerifil  of  which  the  chimnej 
IB  cutislrucled,  rctniu  ils  (enipfmlure,  Ihia  Bceund  portion  of  air  U  diBpoBsd 
of  like  the  first,  and  tlie  nnccncliDg  current  foHtmuea,  bo  long  SB  tbe  udea  of 
tbe  chlmnc?  are  hollar  tban  the  aorrounding  air. 

SonietimeH,  owing  lo  euddon  cbsngps  of  tempcratnre  in  the  almoFphen 
cbioiDe;  mnf  happen  to  be  colder  than  the  air  about  it.     The  column  w 
forlbwith  Buffers  coulraolion  of  Tolume;  the  deficieucy  is  filled  Dp  from  with- 
oul,  and  tbe  column  beeomes  bearier  Iban  one  of  ^milar  height  oi    '' 


it  ia  thus  produced,  which  ma;  be  often  nolieed  in  iheaumBier- 
b;  the  amohe  from  netghboring  chimne;?  finding  its  wa;  into  rooma,  whicb 
have  been  for  a  i;onaiderabte  period  without  fire. 

The  ventilation  of  nitnea  boa  long  been  conducted  upon  (he  eame  priaoipls^ 
and  more  recenll;  it  has  been  applied  to  dnelliiig-boases  and  asaemblji-rooniii 
Tbe  Biiuo  is  furniabed  witb  two  ehnflB,  or  with  one  shaft,  divided  Ihri'ughoiii, 
by  n  diaphragm  of  boards;  and  theae  are  ao  arranged,  that  air  forced  dow«^ 
the  one  sliail  Irnrerae  tbe  whole  extent  of  Ibe  oorkinga  before  it  escapea  ly 
the  other.  A  fire  kept  up  in  one  of  these  ahaftg,  b;  rarefying  tbe  air  wilbini. 
and  causing  an  ascending  current,  Dccn^ions  freah  air  to  traverse  eier;  puC' 
of  the  mine,  and  aweep  before  it  tbe  noxious  gasea,  but  too  frequently  preB«Dt>i 


Different  bodies  poasesa  very  different  conducting  powers  witb  reapeot  IV: 
beat ;  if  two  aimilar  rods,  tbe  one  of  iron  tbe  other  of  glass,  be  held  in  tha, 
flamo  of  a  spirit-latnp,  the  iron  will  soon  become  too  hot  to  be  touched,  while 
the  glass  nay  be  grtnped  wiib  impunity  within  an  inch  of  tbe  red-hot  portion. 

Eiperiments  made  by  analogouB,  but  more  occuralo  melhods,  have  eMab- 
lisbed  a  nuiuerica!  comparison  of  the  conducting  powers  of  many  bodiea )  th«    , 
following  may  be  taken  as  a  specimen: — 


Gold  . 
Silver 
Copper 


.  1000 


Tin 
Marble 


8U 
170 


874  Poroelflin  ,         .       12-2 

863         I         Fire-clay  .        .       11-4 

:be  beat  conductors,  nltbongh  i 
deoae  woods,  and  charcoal,  follow  "1 
general  and  gases,  whose  conducting  power  la  J 


e  by  very  far 


Ab  a  olaas  the  metala 
difference  eiista  hetwee 
next  in  order;  then  liquidi 
almoat  inappreciable. 

Under  favorable  circumstances,  nevertheless,  both  liqnida  and  gaaee  may  1 
beoatne  rapidly  heated  ;  beat  applied  to  the  bottom  of  tiie  containing  vessel  i*  J 
very  speedily  commuiiicntcd  to  its  contents :  this,  however,  ia  not  so  much  by  1 
noDduction  as  by  Donveclion.  or  carrying.     A  compiete  circulation  is  set  up; 
the  portions  in  contact  wiib  tbe  bottom  of  tho  vessel  get  healed,  beoonia 
lighter,  and  rise  to  the  surface,  and  in  this  Way  the  heat  becomes  Communi- 
cated lo  the  whole.     If  theae  movements  be  prevented  by  dividing  the  vessel 
into  a  great  namber  of  compartments,  the  really  low-conducting  power  of  the 
■uliBlanee  is  made  evident ;  and  this  is  the  reaeon  why  certain  organic  fabric^ 
at  wool.  Bilk,  feathers,  atid  porous  bodiea  in  general,  the  cavitiee  of  which  an, 
full  of  air,  exhibit  such  feeble  powers  of  condaction.  ,. 

The  circulation  of  heated  water  throagh  pipes  is  now  extensively  applied  to* ' 
tbe  wanning  of  buildings  and  conservatories,  and  in  chemical  works  a 
penline  metal  lube  containing  hot  oil  ia  often  used  for  heating  alills  and 
poratiDg  pans ;  tbe  two  eitremilies  of  the  tube  are  connected  with  the  i 


I 


)H 


lb.  water 


1 103=  (89--4C) 
t  32-  (CC) 


If  equal  weiglita  of  water  at  32=  (0=0)  and  water  at  174°  (78°  80)  be  mixed, 

tbe  teiDpernture  of  the  mixture  vill  be  the  mean  of  tbe  two  temperatares,  or 

103°  (39='4C).     If  the  same  ejperiment  he  repealed  with  anow  or  finelj-pow- 

dered  ice,  at  aS"  (0=0)  nod  water  at  174°  |78''8C),  tbe  tempernture  of  tba 

whole  will  bo  ouly  32=  (0=C),  but  the  ict  mill  Aane  been  melted. 

rib.ofwiiterat82=(0=C) 

1  lb.  of  wnter  at  174=  (;8=-g 

1  lb.  of  ice  at  32°  (0°C)  1  _o  iv  ■ 

1  lb.  of  water  at  174=  (TB=-8C)  /  —  '"■  " 

In  the  last  eiperimeat,  therefore,  as  mncb  heat  has  been  apparently  lost  bb 
would  have  raised  a  quantity  of  water  equal  to  that  of  the  ice  through  a  range 
of  142°  (78=-8C). 

The  heal,  Ihns  become  infensible  to  the  thermometer  in  nffeoling  Ibo  lique- 
faction of  tbe  ice.  is  called  talent  heat,  or  better,  heat  of  fluidity. 

Again,  let  a  perfectly  uniform  source  of  heat  be  imagined,  of  such  intensity 
that  a  pound  of  water  placed  over  it  would  have  it3  temperature  raised  1(P 
(6°'6C)  per  minute.  Starting  with  water  at  32=  (0°C),  in  rather  more  than 
14  minutes  its  temperature  would  have  risen  142°  (78=-eC) ;  but  tbe  same 
qnantitj  of  ioe  at  32°  (0°C),  eiposed  for  the  same  interval  of  lime,  would  not 
baTe  its  temperature  raised  a  single  degree.  But,  then,  it  would  have  become 
wBlBT ;  the  heat  receiTed  would  have  been  eialuaively  employed  in  effecting 
tbe  change  of  state. 

This  beat  is  not  lost,  for  when  the  water  freezes  it  is  again  eiolTed.  If  a 
tall  jar  of  water.  coTered  lo  exclude  dust,  be  placed  in  a  situation  where  it 
shall  be  quite  undisturbed,  and  si  the  same  time  exposed  Co  great  cold,  tba 
temperature  of  tho  water  may  be  reduced  10°  or  more  below  its  freeiing-point 
without  the  formation  of  ice ;  but  then,  if  a  little  agitation  be  communicated 
to  the  jar,  or  a  grain  of  sand  dropped  into  the  water,  a  portion  instantly 
eolidifies,  and  the  temperature  of  the  whole  rises  to  32°  (0°C);  (be  heat  dis- 
engaged by  the  freezing  of  a  small  portion  of  the  water  will  bate  been  soffi- 
aient  to  raise  the  whole  contents  of  tbe  jar  I  U°  (5=-5C). 

Thia  curiona  oondilion  of  instable  equilibrium  shown  by  the  very  cold  witep 
in  tbe  preceding  experiment,  may  be  reproduced  with  a  variety  of  solnldDna 
which  tend  to  crystallize  or  solidify,  but  in  which  (hikl  change  is  for  a  white 
Euepended.  Thus,  a  solution  of  crystallized  sulphate  of  soda  in  its  own  weight 
of  warm  water,  left  to  cool  in  an  open  vessel,  deposits  a  large  quantity  of  tha 
■all  in  crystals.  If  the  warm  solution,  however,  be  filtered  into  a  clean  Basfa, 
which  when  full  is  securely  corked  and  set  aside  to  coo!  undisturbed,  no  crys- 
tals will  be  deposited,  even  after  many  days,  uutil  the  corlt  is  withdrawn  and 
tbe  contents  uf  the  fluslt  violently  ahahen.  Crystallization  then  rapidly  takes 
place  in  a  very  beautiful  manner,  and  the  whole  becomes  perceptibly  warm. 

The  law  thus  illustrated  in  the  cate  of  water  is  perfectly  general.  When- 
ever a  solid  becomes  a  liquid,  a  certain  fixed  and  definite  amount  of  heat  dis- 
appears, or  becomes  latent ;  and  conversely,  whenever  a  liquid  becomes  a  solid, 
heat  to  a  corresponding  extent  is  given  out.  The  amount  of  latent  heat  varies 
tnach  with  different  substances,  as  will  be  seen  by  the  table : 

Water'         .        .  142=  (78°-eC)      ,      Zino   .         .        .  493=  (273'=-8C) 

Sulphur        .         .  145   (80  -5C)  Tin     .        .  600   (277  -70) 

Lead    .         .         ,  162   (90  -uC)      !     Bismuth      .         .  650   (30S  ■6C) 
*  VM.  J>9  la  FioTottaje  and  Bflgakult,  Ann.  Ohlia.  vt  Pbja,  Bd  Bttiet,  vUL  1, 
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BIAT. 

Wiea  ft  solid  Bulietaiioe  can  b«  infide  to  liquefy  by  &  irealc  chemiMi  atfa 

tioD.  cold  resnita,  tram  seosible  heal  becoming  latent.     This  is  the  piino 

of  tbB  many  frigorific  miiturea  to  be  fouud  deaoribcd  in  Brmo  of  tba  oldi^ 
cbemioBl  trestiecB.     Wheo  aaow  or  poBoded  ice  is  mixed  irith  common  mitt ' 
and  a  themiometer  p1un|;e<I  into  the  ma^a,  the  mercnrj  eioka  to  D°  (-IT'-TC), 
vhile  the  whole  after  a  short  period  becomes  Quid  h;  the  attraotion  batween 
the  water  and  the  salt:  such  a  mixture  is  very  often  need  in  chemical  cipwl- 
menls  to  cool  receivers  and  conilfDae  the  Tapors  of  volatile  liquid*.     Pow- 
dered cryetallized  chloride  of  calcinm  and  anow  prodnce  cold  enough  to  ft 
mercury.     Even  powdnred  nitrate  of  potassa.  or  Bal-ammoniao,  dissolved  is  ■ 
water,  ocCB»<ionB  a  very  notable  depression  of  tempernlure :  in  every  caBe,  im   I 
abort,  in  which  solution  is  unaDcompttnied  by  energetic  chemical  action,  < 
U  produced. 

No  relation  is  to  be  traced  between  the  actual  melting-point  of  a  aabstane 
•nd  its  latent  beat  when  in  a  fused  state. 

A  law  of  exactly  tbe  same  iiind  ae  that  described  affects  universally  U 
gaseous  condition;  change  of  state  from  solid  or  liquid  lo  gas  is  acoonpaniM 
by  absorption  of  sensible  heat,  and  the  reverse  by  its  disengagemenl.  Hf 
latent  heat  of  steam  and  other  vapors  may  bo  ascerlaioed  by  a  similar  mOd 
of  investigation  to  that  employed  in  tbe  case  of  water. 

When  water  at  32°  (0°C)  is  mixed  with  an  eqaal  weight  of  w 
(100°C),  the  whole  is  found  to  possess  the  mean  of  tbe  two  temperatures,  a. 
laa"  (SCC) ;  on  the  other  hand,  1  part  hy  weight  of  aHam  at  212°  (100^), 
when  condensed  in  cold  woler,  is  fonnd  lo  be  capable  of  raising  5-4  parts  of 
the  latter  from  the  freezing  to  the  boiling-point,  or  through  a  range  of  180° 
(100°C).     Now  180  X  6'4  =  972  :  that  is  to  say.  steam  at  212°  (100°C),  ia 
becoming  water  at  212°,  parts  with  enough  heat  to  raise  a  weight  of  water     , 
equal  to  its  own  (if  it  were  puBsible)  il72°  (540°C),  of  the  thVrmometeiv  J 
When  water  passes  into  steam,  tbe  same  quantity  of  Bensible  beat  becomtl  I 
latent.  I 

The  vapors  of  other  liquids  seem  to  have  less  latent  heat  than  that  of  watn-fl 
The  following  table  is  by  Dr.  lire,  and  serves  well  to  illastrate  tbis  point:— aHM 

Vapor  of  water 967°  (587° -20)  "■ 

alcohol 442  (246  -60)  *■ 

ether 802  (1G7  -IC)  *■ 

"  petroleum 178    (98  -SC)  ^| 

"  oil  of  turpentine  .178     (98    SC)  V 

"         nilrio  acid 532  (295  '6C)  fl 

liquor  ammonite        ....    637  (146  -OC)  B 

"  vinegar 875  {486  -IC)  ■ 

Ebullition  is  Docasioned  by  the  formation  of  bubbles  of  vapor  witbio  tb» 
body  of  tbe  evaporating  liquid,  which  rise  lo  tbe  surface  like  bubbles  of  per- 
manent gas.  This  occurs  in  different  liquids  at  very  dilferent  temperatures. 
Coder  tbe  same  ciroum stances,  tbe  boiling-point  is  quite  constant,  and  often 
becomes  a  physical  character  of  great  importance  in  distinguishing  tiqnidi 
which  muoh  resemble  each  other.    A  few  oases  may  be  cited  in  illustrations- 


Aldehyde    69''-4     (20°-8C) 

Ether 94  -8     [34  -90) 

Bisulphide  of  carbon 115         (4ti  -IC) 

Alcohol 173         (78  -40) 

Water 212        (100  C) 

Nitric  acid,  strong 248       (120  C) 

Oil  of  turpentine 812        (155  ■5C) 

Suiphurio  acid 620       (826  ■2C) 

Mercury     ...  .66"       >■""  "^ 


H  £  A  i. .  C'l 

For  ebullition  to  take  place,  it  is  necessary  that  the  elastioitj  9t  the  Taper 
ehould  be  able  to  oyercome  the  cohesion  of  the  liquid  and  the  pressure  upon 
its  surface ;  hence  the  extent  to  -which  the  boiling-point  may  be  modified. 

Water,  under  the  usual  pressure  of  the  atmosphere,  boils  at  212<>  (lOO^'C) : 
in  a  partially-exhausted  receiver  or  on  a  mountain-top  it  boils  at  a  much 
lower  temperature :  and  in  the  best  yacuum  of  an  excellent  air-pump,  over 
oil  of  vitriol,  which  absorbs  the  vapor,  it  will  often  enter  into  violent  ebulli- 
tion while  ice  is  in  the  act  of  forming  upon  the  surface. 

On  the  other  hand,  water  confined  in  a  very  strong  metallic  vessel  may  be 
restrained  from  boiling  by  the  pressure  of  its  own  vapor  to  an  almost  un- 
Umited  extent;  a  temperature  of  360o  (177*^0)  or  400<>  (204oC)  is  very  easily 
obtained ;  and,  in  fact,  it  is  said  that  it  may  be  made  red-hot,  and  yet  retain 
its  fluidity. ' 

There  is  a  very  simple  and  beautiful  experiment  illustrative  of  the  effect 
of  diminished  pressure  in  depressing  the  boiling-point  of  a 
hquid.  A  little  water  is  made  to  boil  for  a  few  minutes  in  a  Fig.  86. 
flask  or  retort  placed  over  a  lamp,  until  the  air  has  been 
chased  out,  and  the  steam  issues  freely  from  the  neck.  A 
tightly-fitting  cork  is  then  inserted,  and  the  lamp  at  the  'same 
moment  withdrawn.  When  the  ebullition  ceases,  it  may  be 
renewed  at  pleasure  for  a  considerable  time  by  the  affusion  of 
cold  water,  which,  by  condensing  the  vapor  within,  occasions 
a  partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface, 
exercises  an  influence  upon  the  boiling-point,  and  this  to  a 
much  greater  extent  than  was  formerly  supposed.  It  has  long 
been  noticed  that  in  a  metallic  vessel  water  boils,  under  the 
same  circumstances  of  pressure,  at  a  temperature  one  or  two  degrees  below 
that  at  which  ebullition  takes  place  in  glass ;  but  it  has  lately  been  shown  ^ 
that  by  particular  management  a  much  greater  difference  can  be  observed. 
If  two  similar  glass  flasks  be  taken,  the  one  coated  in  the  inside  with  a  film 
of  shellac,  and  the  other  completely  cleansed  by  hot  sulphuric  acid,  water 
heated  over  a  lamp  in  the  first  will  boil  at  211^  (99^*40),  while  in  the  second 
it  will  often  rise  to  221<'  (105^0)  or  even  higher;  a  momentary  burst  of 
vapor  then  ensues,  and  the  thermometer  sinks  a  few  degrees,  after  which  it 
rises  again.  In  this  state,  the  introduction  of  a  few  metallic  filings,  or  angu- 
lar fragments  of  any  kind,  occasions  a  lively  disengagement  of  vapor,  wMle 
the  temperature  sinks  to  212°  (lOO^C),  and  there  remains  stationary.  These 
remarkable  effects  must  be  attributed  to  an  attraction  between  the  surface  of 
the  vessel  and  the  liquid.^ 

*  Mareet,  Ann.  Ohlm.  et  Phys..  8d  series,  v.  449. 

*  [A  remarkable  modification  of  the  relation  between  the  temperature  of  liquids  and  the 
Teasel  containing  them,  results  where  the  repulsive  action  predominates.  When  a  small 
quantity  of  wat«r  is  thrown  into  a  r«id-hot  platinum  crucible,  it  assumes  a  spheroidal  form, 

Presents  no  appearance  of  ebullition,  but  only  a  rotary  motion,  and  evaporates  very  slowly ; 
ut  when  the  temperature  falls  to  SOC,  this  spheroidal  condition  is  lost,  the  liquid  boils  and 
is  soon  diKsipated.  In  the  spheroidal  state  there  is  no  contact  between  the  water  and  metal, 
in  'consequence  of  the  high  tension  of  the  small  quantity  of  vapor  which  is  formed  and 
surrounds  the  globule,  but  on  the  fall  in  temperature,  the  tension  lessens  and  with  it  the  re* 
pulsive  action,  contact  takes  plao*  and  the  heat  is  rapidly  communicated  to  the  liquid,  which 
at  ouce  is  converted  into  steam.  So  slight  is  the  influence  of  the  caloric  of  the  vessel  on  the 
contained  liquid  in  this  condition,  that  if  liquid  sulphurous  acid  be  poured  on  the  globule,  the 
water  is  by  the  sudden  evaporation  of  the  acid  converted  into  ice  at  the  bottom  of  the  red-hot 
erudble.  When  a  liquid  which  boils  at  a  low  temperature,  is  thrown  on  another  heated 
nearly  to  ebullition,  and  whose  boiling-point  is  high,  the  spheroidal  state  is  likewise  assumed, 
as  water  on  oil,  spirits  of  turpentine,  sulphuric  a«-id,  Ac,  and  ether  on  water,  Ac. 

As  connected  with  this  phenomenon,  it  has  been  observed  that  perfect  immunity  from  th* 
caloric  of  hisrhly  heated  liquids  may  be  obtained  by  previously  moistening  the  part  to  which 
the  application  is  miide  with  some  fluid  which  evaporates  at  a  low  temperature.  Thus  tbii 
band,  while  moistened  with  ether,  may  be  plunged  into  boiling  water  without  even  the  seoM^ 
tkm  of  beat.    Whan  w«k  with  water  it  may  be  dipped  into  melted  lead  vritho^^t.  is^xni  «fe 
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A  eabio  inch  of  water  in  becoming  steam  under  the  ordinary  prenmrt  of 
the  atmosphere  expands  into  1696  cubic  inches,  or  nearly  a  cubic  foot. 

Steam,  not  in  contact  with  water,  is  affected  by  heat  in  precisely  the  same 
manner  as  the  permanent  gases ;  its  rate  of  expansion  and  increase'  of  elastie 
force  are  the  same.  When  water  is  present,  the  rise  of  temperature  inoreasei 
the  quantity  and  density  of  the  steam,  and  hence  the  elastic  force  increases 
in  a  far  more  rapid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different  temperatures, 
aas  been  yery  carefully  determined  by  MM.  Arago  and  Dulong,  and  lately  by 
M.  Regnault.  The  force  is  expressed  in  atmospheres :  the  absolute  pressure 
apon  any  given  surface  can  be  easily  calculated,  allowing  14-6  lb.  per  square 
mch  to  each  atmosphere.  The  experiments  were  carried  to  twenty-five  atmos- 
pheres ;  at  which  point  the  difficulties  and  danger  became  so  grc»t  as  to  put 
a  stop  to  the  inquiry:  the  rest  of  the  table  is  the  result  of  calculations 
(bunded  on  the  data  so  obtained. 


Vressnre  of  steam 

i               CorrwpoDding 

Premnre  of  iiteun 

\              Correepooding 

h&  atmoq^heres. 

tanperature. 

in  atmo^heres. 

temperatore. 

F.           0. 

F.       a 

1      . 

.     2120  looo 

18      . 

.    8810  1660-1 

1-6. 

.     280    112  -2 

14      . 

.    887    157  .7 

2     . 

.    251     121  -2 

15      . 

.    898    200  -6 

2-6. 

.     264    128  -8 

16      . 

.    898    208  -1 

8     . 

.     275    125 

17     . 

.     404    206  *2 

8-5 

.    285    140  -5 

18     . 

.     409    209  -4 

4     . 

.    294    145  -5 

19     . 

.    414    212  '2 

4-6. 

.    800    148  -8 

20     . 

.    418    214  -4 

6     . 

.     808    153  -1 

21     . 

.    428    217  -2 

5-6. 

.    814    156  -2 

22     . 

.     427    219  -4 

6     . 

.     820    160 

23     . 

.    481     221  -2 

6-6. 

.     826     163  -1 

24     . 

.     486    224  -4 

7     . 

.     832     166  -2 

25     . 

.    439    226    1 

7-6  . 

.     837     169  -4 

80     . 

.    457    286  -1 

8     . 

.     842    172  -2 

85     . 

.     478    245  -1 

9     . 

.    851     177  -2 

40     . 

.    487    252  -7 

10     . 

.     859    181  -2 

45     . 

.    491    255 

11     , 

.     867    186  -1 

50     . 

.     511     266  -1 

12     . 

.     874    190 

It  is  a  very  remarkable  fact,  that  the  latent  heat  of  steam  diminishes  as 
the  temperature  of  the  steam  rises,  so  that  equal  weights  of  steam  thrown 
into  cold  water  exhibit  nearly  the  same  heating  power,  although  the  actual 
temperature  of  the  one  portion  may  be  212°  (1-OOoC),  and  that  of  the  other 
850°  (1760-2C)  or  400®  (204°-4C).  This  also  appears  true  with  temperatures 
below  the  boiling-point ;  so  that,  it  seems,  to  evaporate  a  given  quantity  of 
water  the  same  absolute  amount  of  heat  is  required,  whether  it  be  performed 
slowly  at  the  temperature  of  the  air  in  a  manner  presently  to  be  noticed,  or 
whether  it  be  boiled  off  under  the  pressure  of  twenty  atmospheres.  It  is  for 
this  reason  that  the  process  of  distillation  in  vacuo  at  a  temperature  which 
the  hand  can  bear,  so  advantageous  in  other  respects,  can  effect  no  direei 
saving  in  fuel.^ 

strong  sensation  of  heat,  and  still  less  is  peroeived  if  alcohol  or  ether  be  used.  A  similar  ex- 
periment has  been  performed  with  melted  cast-iron  as  it  rans  from  the  furnace,  and  the  dry 
parts  sulgected  to  the  radiant  caloric  have  been  found  more  affected  than  that  exposed  to  the 
melted  metal. 

The  immunity  in  the  case  of  usinp;  water  as  the  moistening  agent  arises  from  the  faet  that 
the  temperature  of  the  globule  in  the  spheroidal  state  is  much  below  the  boiling-point  of  the 
hquid.  — R.  B] 

*■  The  proposition  in  the  text,  of  the  sum  of  the  latent  and  sensible  heats  of  steam  being  a 
aonstant  quantity,  is  known  by  the  name  of  Wctilfft  laWf  haviog  been  deduced  by  that  Ula» 
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The  eoonomioal  sppliofttionB  of  stsam  are  numerons  and  extremely  Talnsble ; 
they  may  be  JiviJed  into  two  classes:  tLoBH  ia  which  the  heating  power  is 
employed,  and  those  in  which  its  elastic  force  is  brongbC  into  aft. 

Ttie  value  of  steam  as  a,  source  of  heat  depends  upon  the  facility  witk 
which  it  may  be  conveyed  to  dixtaiit  points,  and  upon 
the  largo  amount  of  latent  heat  it  contaios,  wblch  is  pr,..  ^_ 

disengaged  in  the  net  of  cond^oeation.  An  invariable 
temperature  of  212°  (ll)D''C),  or  higher,  ma;  be  kept 
up  in  tbe  pipes  or  other  vesaela  in  which  Uie  Bteam 
is  eoQlained  by  tbe  expenditure  of  a  very  smalt  qunn- 
tity  of  the  latter.  Steam-baths  of  various  formu  iire 
used  in  the  arts  with  great  cODvenieoce,  and  alxo  by 
the  Bcientilio  cbemiat  for  drying  fillcra  and  other 
objects  where  eioessive  beat  would  be  hurtful ;  a  lery 
good  instrument  of  the  kind  was  contriTed  by  Mr. 
Everitt.  It  is  merely  a  smatt  kettie.  surmounted  by  a 
double  boi  or  jacket,  into  which  tbe  sab^^tance  to  be 
dried  is  put,  and  looaely  covered  by  a  card.  The  ap- 
paratoa  is  placed  over  a  lamp,  and  may  be  left  witb> 
out  attention  for  many  hours.     A  little  hole  in  the  side  of  tbe  jacket  gives 

Tiie  principle  of  tbe  steam-engine  may  be  described  in  a  few  words:  its 
ntechaDicikl  details  do  not  belong  to  the  design 
of  the  present  volume.  The  machine  conaieia 
essentially  of  a  oylinder  of  metal  a,  in  which 
B  cloaely-fitting  solid  piston  works,  the  rod 
of  which  passes,  air-tight,  through  a  stufSag- 
box  at  the  top  of  the  cylinder,  and  ia  con- 
nected with  the  mitchinery  to  be  put  in  motion, 
directly,  or  by  the  intervention  of  an  oscillating 
beam.  A  pipe  commuaicatea  with  tbe  interior 
of  tbe  cylinder,  aad  also  with  a  vessel  sur- 
rounded with  cold  water,  called  the  conden- 
ser, marked  b  in  tbe  sketch,  and  into  which  i 
a  jet  of  cold  water  can  at  pleasure  be  intro-  ' 
dnced.  A  sliding-vaive  arrangement,  shown 
St  e,  serves  to  open  a  communicatioa  between 
the  boiler  and  tJie  cyliuder.  and  the  cylinder 
and  the  coodenaer,  iu  such  a  manner  that 
while  the  steam  is  allowed  to  press  with  all 
its  force  upon  one  side  of  the  piston,  the 
other,  open  lo  the  condenser,  is  Dpcessarily 
vacuous.  The  valve  is  shifted  by  the  engine 
itself  at  tbe  proper  moment,  so  that  the  pis- 
ton is  alternately  driven  by  the  sieam  up  and 
down  against  a  vaouum.  A  large  air-pump, 
not  shown  in  tbe  engraving,  is  connected  with 
the  oandenser.  and  serves  to  remove  any  air 
that  may  enter  the  oylinder,  and  also  tbe 
water  produced  by  oondensation,  together  with 
that  which  may  have  been  injooled. 

Sach  is  the  vacuum  or  condensing  steam- 
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engine.  In  what  is  called  the  high-pressnre  engine  the  condenser  and  air- 
pump  are  suppressed,  and'^he  steam  is  allowed  to  escape  at  once  from  the 
cylinder  into  the  atmosphere.  It  is  obvioas  that  in  this  arrangement  the 
steam  has  to  overcome  the  whole  pressure  of  the  air,  and  a  much  greater 
elastic  force  is  required  to  produce  the  same  effect ;  but  this  is  to  a  rery  great 
extent  compensated  by  the  absence  of  the  air-pump  and  the  increased  sim* 
plicity  of  the  whole  machine.  Large  engines,  both  on  shore  and  in  steam- 
ships, are  usually  constructed  on  the  condensing  principle,  the  pressure  sel- 
dom exceeding  six  or  seven  pounds  per  square  inch  above  that  of  the  atmos- 
phere ;  for  small  engines  the  high-pressure  plan  is,  perhaps,  preferable.  Loco- 
motive engines  are  of  this  kind. 

A  peculiar  modification  of  the  steam-engine,  employed  in  Cornwall,  for 
draining  the  deep  mines  of  that  county,  is  now  getting  into  use  elsewhere  for 
other  purposes.  In  this  machine  economy  of  fuel  is  carried  to  a  most  extra- 
ordinary extent,  engines  having  been  known  to  perform  the  duty  of  raising 
more  than  100,000,000  lb.  of  water  one  foot  high  by  the  consumption  of  a 
single  bushel  of  coals.  The  engines  are  single  acting,  the  down-stroke,  which 
is  made  against  a  vacuum,  being  the  effective  one,  and  employed  to  lift  the 
enormous  weight  of  the  pump-rods  in  the  shaft  of  the  mine.  When  the  piston 
reaches  the  bottom,  the  communication  both  with  the  boiler  and  the  condenser 
is  cut  off,  while  an  equilibrium-valve  is  opened  connecting  the  upper  and 
lower  extremities  of  the  cylinder,  whereupon  the  weight  of  the  pump-rods 
draws  the  piston  to  the  top  and  makes  the  np-stroke.  The  engine  is  worked 
ezparuively,  as  it  is  termed,  steam  of  high  tension  being  employed,  which  is 
cut  off  at  one-eighth  or  even  one-tenth  of  the  stroke. 

The  process  of  distillation,  which  may  now  be  noticed,  is  very  simple :  its 
object  is  either  to  separate  substances  which  rise  in  vapor  at  different  tempe- 
ratures, or  to  part  a  volatile  liquid  from  a  substance  incapable  of  volatilization. 
The  same  process  applied  to  bodies  which  pass  directly  from  the  solid  to  the 
gaseous  condition,  and  the  reverse,  is  called  tuhUmation.  Every  distillatory 
apparatus  consists  essentially  of  a  boiler,  in  which  the  vapor  is  raised,  and 
of  a  condenser,  in  which  it  returns  to  the  liquid  or  solid  condition.  In  the 
still  employed  for  manufacturing  purposes,  the  latter  is  usually  a  spiral  metal 
tube  immersed  in  a  tub  of  water.  The  common  retort  and  receiver  constitute 
the  simplest  and  most  generally  useful  arrangement  for  distillation  on  the  small 
scale;  the  retort  is  heated  by  a  lamp  or  a  charcoal  fire,  and  the  receiver  is  V&tii 
800I,  if  necessary,  by  a  wet  cloth,  or  it  may  be  surrounded  with  ice.    (Fig.  8&) 

Fig.  88. 
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Thf .  oondenser  of  Baron  Liebig  !b  a  very  valaable  instrument  in  the  labors* 
lory  J  it  consists  of  a  glass  tube  tapering  from  end  to  end,  fixed  by  pert^nted 
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eorks  in  the  centre  of  a  metal  pipe,  provided  with  tubes  so  arranged 
enrrent  of  cold  water  may  circulate  through  the  apparatus.     By 
putting  a  few  pieces  of  ice  into  the  little  cistern,  the  temperature 
of  this  water  may  be  kept  at  32*'  (O^C),  and  extremely  Tolatile 
Uqmds  condensed. 

laqnids  evaporate  at  temperatures  below  their  boiling-points : 
ii  thu  ease  the  evaporation  takes  place  solely  from  the  surface. 
Water,  or  alcohol,  exposed  in  an  open  vessel  at  the  temperature 
of  the  air,  gradually  dries  up  and  disappears ;  the  more  rapidly. 
^  warmer  and  drier  the  air  above  it 

This  fact  was  formerly  explained  by  supposing  that  air  and 
■gnes  in  general  had  the  power  of  dissolving  and  holding  in  solu- 
tion eertain  quantities  of  liquids,  anxi  that  this  power  increased 
intii  the  temperature :  such  an  idea  is  incorrect 

If  a  barometer-tube  be  carefully  filled  with  mercury  and  in- 
serted in  the  usual  manner,  and  then  a  few  drops  of  water  passed 
«p  the  tube  into  the  vacuum  above,  a  very  remarkable  effect  will 
1)6 observed; — the  mercury  will  be  depressed  to  a  small  extent, 
nd  this  depression  will  increase  with  increase  of  temperature. 
How,  as  the  space  above  the  mercury  is  void  of  a^,  and  the  weight 
of  tiie  few  drops  of  water  quite  inadequate  to  account  for  this 
^tfnmon,  it  must  of  necessity  be  imputed  to  the  vapor  which 
Utttutaaecnisly  rises  from  the  water  into  the  vacuum ;  and  that 
^  effect  is  reaXlj  due  to  the  elasticity  or  tension  of  the  aqueous 
▼ipor,  is  easily  proved  by  exposing  the  barometer  to  a  heat  of 
212<>  (100^),  when  the  depression  of  the  mercury  will  be  com- 
plete, and  it  will  stand  at  the  same  level  within  and  without  the 
tibe;  indieating  that  at  that  temperature  the  elasticity  of  the  va- 
por is  equal  to  that  of  the  atmosphere— a  fact  which  the  pheno- 
■ODoa  of  ebullition  has  already  shown. 

By  pladng  over  the  barometer  a  wide  open  tube  dipping  into 
^matarj  below,  and  then  filling  this  tube  with  water  at  differ- 
OBt  tM^Mratores,  the  tension  of  the  aqueous  vapor  for  each 
^igiie  ii  Ike  thermometer  may  be  accurately  determined  by  its 
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OiLirr  li'^'i.'J)!  frjt^i  Id  f}ii«  munficr  «r«  f(mn4  to  cnil 
v«f/««r*  '«f  irrirkt^  or  i*:»«  Urfi«i«/ti,  for  tb«  fe»m«  Unnp^mtiirt, 
h/"/rjir/  fo  tfjt'ir  'j.ff«rr*r(it  dt-j^r*:!!*  of  voUtilitjr:  ikiMi  • 
j.ti.a-  t-tijirr  ir.tr'/'JO'.tr'J  ifit/^  tli«!  tut/«  d«|rt'*i>»'«rll  tk«  niftfcory 
'0  jr.-r.tji-«  '^r  tci'/f*  ;it  tKi;  i,rUunry  U-tfi|>«rnitur«  of  tb«  ftfri 
oil  of  v.lriol,  on  thi;  olh t;r  kkfi'J,  4<«««  not  ftfiitt  Ally  MMlidUt 
fjij^ritiiv  of  vkpor  urjtil  k  uj(i<:h  irr«iiUfr  h«»l  U  iip|i|{«4:  m4 
th«i  iriv*rn  off  hy  mt^inury  iu«tf  in  wftrm  numnner  WMtl^ri 
k'Oioii/h  jf  ffiny  \jy  ifry  'JvlicnU;  ni««riN  b«  dcUreibfJ,  Id  fo 
t'j'/  liidi:  Vt  fxirrciM!  Mfi^  «ff«<:t  upf#ii  the  li«rfiifi«t«r.  Ii 
tht'  ThK*-  of  wntirr,  tk«  ■:vftf/<ir«tion  U  <|uii«  diNtinet  tnd  pi^ 
«:t'piiMi:  kt  tki*  ]ow*r»t  tffUijHrriiturei!,  wh«ri  froMrfi  tb  mW 
Ki:  irj  th«  hsif  orfi«t*rr  tub^: :  KUOW  Ofl  tlia;  f^rourid,  OF  M  ■ 
houni:  to|4,  fnny  oft^n  t/«  noti'ierl  to  vamikli,  from  tlia  Mflit 
«:kij>r«:,  'Jaiy  }>jr  'l;i;r  in  tkt  <Ji:plb  of  wifit«r,  when  misltblgb 
iMjfjo«i-iM«. 

Th«ri;  i!iifeti!  for  f.iuiih  vkpor  »  Ktiit«;  of  (Ji-rikUy  wtilfib  h 
curirjot  piktin  without  loi-iiiir  it«  irii»i;oui(  «:oii>litioti,  and  b« 
cofiitfifr  li'|uj'l ;  tlii);  point  ikc'illffj  fhf  condition  of  mtsl 
ffiuffi  d«;n):ity.  Wljirn  «  volalili;  li(|uid  ik  introduced  In  tnV 
firicnt  rfiinntiiy  into  n  vacfiunj,  tliir.  condilioti  in  iilwtjfl 
r«'ii>:lii!d,  find  thi-n  i^vtiporiition  titnun^K  Auy  ntti'tnbt  U 
\urrntint;  thti  'tfu>iiy  of  lU'i*.  VHpor  by  coiniirfiiitinf;  it  lUtof 
Ninnlli'r  njiiif:!'  will  !/•:  ii.lti-ndi:>l  \iy  the  li(|ii«!ffi<:liori  of  R  |ior 
lion,  till*  di-n;:ity  of  tin;  rf'Uiiiind«-r  Ix'inK  UficbnnKH.  If 
n  littltf  i'lhcrr  hf  intioduri'tj  inio  n  hiir*ftni:tfr,  find  fbn  Ultrt 
ftiowly  Mink  luVt  n,  vi-ry  d<!<r|i  ri^tifrn  of  incrriiiiry,  {I  will  li( 
found  Hint  i)n:  lt»:i;/lit  of  iIh!  rolninn  of  iititrniiry  in  tbt  tabi 
iih'ivir  lli.'it  in  lli<^  iwU'iu  r«:iniiinH  iiniilt«;r<^d  Ulilil  tbe  Ufifivl 
i-xlifniiiy  of  tlii?  littionit:l«*r  ii|iproiii!li«fN  tlio  Nurfitca  of  tbt 
mi'iiil  in  lliK  cfjiiniri  und  till  ltd'  t;thi*r  linM  hecoMm  liquid 
Jt  will  hi]  rih;-irvi'd  iili-o,  (hril,  un  Ihn  tiihi?  NiitkH,  tbti  littl* 
hlrnhiiH  of  li'jiiid  i-tln-r  in<'ri*ii>«*ii  in  lhirl(ni;*<i«.,  hijl  no  ib 
r.tt'ti-t:  fif  ihif.lii:  foiri)  iir.v.uin  in  ihi*  vitfior  ItlHfVn  il,  mA 
r'iri>iM|iiiMill  V,  no  iiii;i<-ri-'-i'  of  tlfufity  ;  lur  ti-nhion  Mild  dM 
nily  nn:  nlwriyn,  iiiidi-r  ordiiiftry  >;it'i:iinii<.tniii;i'H  lit  lettNtf 
diriTl.ly  |irii|ioi  liKiirili*  fo  I'lirh  tjllii;r  in  thii  tutttita  Vniiurf 

The  |Miiul  'if  mill  nil iiin  dmikity  of  vniiorN  U  depaiidMll 
ujion  iliu  ifnitii-riiiiirn  ;  it  incrriiiiica  rii|iidl/  mm  tb«  ttniptn* 
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tare  rises.  This  is  well  shown  in  the  case  of  water.  Thas,  taking  the  spe- 
cific gravity  of  atmospheric  air  at  212°  (lOO^'C)  =:  1000,  that  of  aqueous  yapor 
in  its  greatest  possible  state  of  compression  for  the  temperature  will  be  as 
follows : — 

Spedflo  Gravity.  Weight  of  100  cubic  inehta 

5-690 

10-293 
.       14108 

46-600 
.  170-293 
.     626000 

The  last  number  was  experimentally  found  by  M.  Gay  Lussac ;  the  others 
are  calculated  from  that  by  the  aid  of  Dr.  Dalton's  table  of  tensions,  on  the 
assumption  that  steam,  not  in  a  state  of  saturation,  that  is,  below  the  point 
of  greatest  density,  obeys  the  law  of  Mariotte,  (which  is,  however,  only  ap- 
proximately true,)  and  that  when  it  is  cooled  it  contracts  like  the  permanent 
gases. 

Thus,  there  are  two  distinct  methods  by  which  a  vapor  may  be  reduced  to 
the  liquid  form  — pressure,  by  causing  increase  of  density  until  the  point  of 
maximum  density  for  the  particular  temperature  is  reached ;  and  cold,  by 
which  the  point  of  maximum  density  is  itself  lowered.  The  most  powerful 
effects  are  of  course  produced  when  both  are  conjoined. 

For  example,  if  100  cubic  inches  of  perfectly  transparent  and  gaseous 
vapor  of  water  at  100°  (87° -70),  in  the  state  above  described,  had  its  tem- 
peratures reduced  to  60°  (lO^C),  not  less  than  0.89^  grain  of  fluid  water 
would  necessarily  separate,  or  very  nearly  eight-tenths  of  the  whole. 

Evaporation  into  a  space  filled  with  air  or  gas  follows  the  same  law  as  eva- 
poration into  a  vacuum ;  as  much  vapor  rises,  and  the  condition  of  maximum 
density  is  assumed  in  the  same  manner,  as  if  the  space  were  perfectly  empty ; 
the  sole  difference  lies  in  the  length  of  time  required.  When  a  liquid  evapo- 
rates into  a  vacuum,  the  point  of  greatest  density  is  attained  at  once,  while 
in  the  other  case  some  time  elapses  before  this  happens;  the  particles  of  air 
appear  to  oppose  a  sort  of  mechanical  resistance  to  the  rise  of  the  vapor.  The 
ultimate  effect  is,  however,  precisely  the  same. 

When  to  a  quantity  of  perfectly  dry  gas  confined  in  a  vessel  closed  by  mer- 
cury, a  little  water  is  added,  the  latter  immediately  begins  to  evaporate,  and 
after  some  time  as  much  vapor  will  be  found  to  have  risen  from  it  as  if  no 
gas  had  been  present,  the  quantity  depending  entirely  on  the  temperature  to 
which  the  whole  is  subjected.  The  tension  of  this  vapor  will  add  itself  to 
that  of  the  gas,  and  produce  an  expansion  of  volume,  which  will  be  indicated 
by  an  alteration  of  level  in  the  mercury. 

Vapor  of  water  exists  in  the  atmosphere  at  all  times,  and  in  all  situations, 
and  there  plays  a  most  important  part  in  the  economy  of  nature.  The  pro- 
portion of  aqueous  vapor  present  in  the  air  is  subject  to  great  variation,  and 
it  often  becomes  exceedingly  important  to  determine  its  quantity.  This  is 
easily  done  by  the  aid  of  the  foregoing  principles. 

If  the  aqueous  vapor  be  in  its  condition  of  greatest  possible  density  for  the 
temperature,  or,  as  it  is  frequently,  but  most  incorrectly  expressed,  the  air 
be  saturated  with  vapor  of  water,  the  slightest  reduction  of  temperature  will 
cause  the  deposition  of  a  portion  in  the  liquid  form.  If,  on  the  contrary,  as 
is  almost  always  in  reality  the  case,  the  vapor  of  water  be  below  its  state  of 
maximum  density,  that  is,  in  an  expanded  condition,  it  is  clear  that  a  con- 

*  100  enbic  incheu  aqueous  vapors  at  100°  (*37°-7G),  weighing  1*118  grain,  would  at  (fiP  O-^iPSS^ 
lioome  reduced  to  91*07  cubic  inches,  weighing  0*:fi25  grain. 
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riderablt  fall  of  lempcTatnr*  mtj  occur  before  UquofsctioD  aommensM.  The 
degne  at  which  this  takes  place  is  calloi]  the  dew-poiot,  and  it  it  dstarmlnsd 
with  great  faoilitj  by  ft  var;  rimpls  nethod.  A  little  onp  of  thin  ttn-plkta 
or  lilTBr,  well  poliahed,  is  flUed  with  water  at  the  temperatare  of  the  sir,  and 
•  delicate  thonDometer  inierled.  The  water  li  then  eooled  bj  dropping  is 
fngmsDts  of  loe,  or  dis>o1«ing  in  it  powdsrtd  snl-ammoaiao,  nntil  a  depotltioa 
of  moitture  begini  Co  make  ila  apptaraueo  on  the  outaide,  dimming  the  bright 
metnlUo  eurfaoe.  The  temperature  of  the  dew-point  Ii  then  read  off  npoB 
tbe  thennoneter,  aod  oompared  with  that  of  the  air. 

Sappoee,  b^  way  of  example,  that  the  latter  were  70°  (21*-1C),  and  the 
dew-point  &0'  (lO'C) ;  the  elasticity  of  the  watery  rapor  present  would  oor- 
respond  to  a  maitmum  donBiCy  proper  to  50°  (tO°C),  and  woatd  support  a 
oolumQ  of  mercury  0-876  inch  high.  If  the  barometer  on  the  spot  stood  M 
80  iDohes,  therefore.  29026  inoliea  would  be  supported  by  tha  presenre  of  tfa« 
dry  UT,  nnd  the  remaining  0  8T6  inch  by  the  vapor.  Now  a  onblo  foot  of 
sueii  a  mixture  must  be  looked  upon  m  made  up  of  a  cubic  foot  of  dry  air, 
and  a  oubto  foot  of  watery  Tspor,  oocnpying  the  same  spaea,  and  hsTina 
tensions  indicated  by  the  number*  juit  mentioned,  A  cubic  foot,  or  1723 
cubic  inches  of  lapor  at  70°  (21°-1C),  would  brconie  reduced  by  ooutraoUon, 
aooording  to  the  uiaal  law,  to  1002'8  oubic  Inohos  at  50°  (10°U);  this  vapor 
wcnlil  be  at  Its  maximum  dennity,  having  the  speoiSc  gravity  pointed  out  in 
the  lablei  hence  16fl2'8  cubic  Inchei  would  weigh  4-11  grains,  The  weight 
of  the  aqueoQB  vapor  cantainod  in  a  cubic  foot  of  air  will  thus  be  aeoertdued. 
In  this  country  the  difference  between  the  temperature  of  the  air  and  the 
dew-point  seldom  reaches  30°  (16°'QC)i  but  In  the  Deoean,  with  a  tamper*- 
tnre  of  90°  l82'2C),  tha  daw-point  has  been  Been  aa  low  as  29'  f-l-e'C), 
making  the  deEree  of  dryaesa  61  (83°-8°C).i 

Another  method  of  finding  the  proportion  of  moisture  preaent  in  tha  ur  li 
to  observe  the  rapidity  with  which  evaporaUon  takes  place, 
and  which  is  always  in  some  relaUon  to  the  degree  of  drynMh 
The  bulb  of  a  thermometer  Is  covered  with  muslin,  and  kept 
wet  with  water;  evaporation  produces  cold,  ai  will  jinMBOf 
be  seen,  and  accordingly  the  thermometer  soon  sinu  below 
the  actual  temperature  of  the  air.     When  it  cornea  to  rait,  th« 
degree  is  noticed,  nnd  from  a  comparison  of  the  two  temper*- 
luree  nn  approximation  to  the  dew-point  can  be  obtained  bj 
the  aid  of  a  malhamatioal  formula  contrived  for  tha  purpose. 
This  is  galled  tbe  wet-bulb  hygrometer;  it  is  often  made  in  tha 
manner  shown  in  fig.  42,  where  one  thermometer  aerte*  to  Is- 
dicate  the  temperature  of  (he  air,  and  the  other  to  show  tha 
rate  of  evaporation,  being  kept  wet  by  the  thread  In  eo&na^oi 
with  the  little  water  reservoir. 
The  perfect  resemblance  in  every  respect  which  vapora  b*4r 
pormaneot  gnHSs,  led,  very  naturally,  to  the  idea  that  tka 
~  light,  by  the  applioation  of  nuitabie  meana,  be  made  to 
the  liquid  condition,  and  this  surmise  was,  In  tha  handa 
of  Mr.  Faraday,  to  a  great  extent  verifled.     Out  of  the  amaU 
number  of  such   Bubstanocs  tried,   not  leas  than  eight  gava 
way  ;  and  it  is  quite  fair  to  infer,  llial,  had  means  of  BuSelaitt 
power  been  at  hnnd,  tho  rcit  would  linve  nhared  the  soma  fkt*, 
Buil  pnived  to  be   nolliing  mure  llian    tha  vapors  of  TolaUl* 
UiLuldx  in  a  etato  very  far  removed  from  that  of  their  mailman 
reprciients  tho  result  of  Mr,  Faraday's  flrat  la- 
in alnioe|Aieres,  and  the  tempcratnre  at  vblsk 
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F.        a 

Sulphurous  aoid 
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Sulphuretted  hydrogen  . 
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Chlorine.        .... 

4        .         .         . 
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Nitrous  oxide. 
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Cyanogen      .... 
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.45      7-2 

Ammonia       .... 

6-5     . 

.    60    10 

Hydrochloric  acid  . 

.     40        .        . 

.    59    10 
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The  method  of. proceeding  was  yery  simple:  the  materials  were  sealed  up 
in  a  strong  narrow  tube,  together  with  a  little  pressure-gauge,  consisting  of 
A  slender  tube  closed  at  one  end,  and  having  within  it,  near  the  open  ex- 


Fig.  43. 


tremity,  a  globule  of  mercury.     The  gas  being  disengaged  by  the  application 
of  heat  or  otherwise,  accumulated  in  the  tube,  and  by  its  own  pressure 
brought  about  condensation.    The  force  required  for  this  purpose  was  judged  . 
of  by  the  diminution  of  volume  of  the  air  in  the  gauge. 

Mr.  Faraday  has  since  resumed,  with  the  happiest  results,  the  subject  of 
the  liquefaction  of  the  permanent  gases.  By  using  narrow  green  glass  tubes 
of  great  strength,  powerfully-condensing  syringes,  and  an  extremely  low  tem- 
perature, produced  by  means  to  be  presently  described,  defiant  gas,  hydriodic 
and  hydrobromic  acids,  phosphoretted  hydrogen,  and  the  gaseous  fluorides 
of  silicon  and  boron,  were  successively  liquefied.  Oxygen,  hydrogen,  nitro- 
gen, nitric  oxide,  carbonic  oxide,  and  coal-gas,  refused  to  liquefy  at  the  tem- 
perature of — 166°  ( —  74° '40)  while  subjected  to  pressures  varying  in  the 
different  cases  from  27  to  58  atmospheres.^ 

Sir  Isambard  Brunei,  and,  more  recently,  M.  Thilorier,  of  Paris,  succeeded  in 
obtaining  liquid  carbonic  acid  in  great  abundance.  The  apparatus  of  M.  Thilorier 
(fig.  44)  consists  of  a  pair  of  extremely  strong  metallic  vessels,  one  of  which 
is  destined  to  serve  the  purpose  of  a  retort,  and  the  other  that  of  a  receiver. 
They  are  made  either  of  thick  cast-iron  or  gun-metal,  or,  still  better,  of  the 
best  and  heaviest  boiler-plate,  and  are  furnished  with  stop-cocks  of  a  peculiar 
kind,  the  workmanship  of  which  must  be  excellent.  The  generating  vessel 
or  retort  has  a  pair  of  trunnions  upon  which  it  swings  in  an  iron  frame.  The 
joints  are  secured  by  collars  of  lead,  and  eveiy  precaution  taken  to  prevent 
leakage  under  the  enormous  pressure  the  vessel  has  to  bear.  The  receiver 
resembles  the  retort  in  every  respect ;  it  has  a  similar  stop-cock,  and  is  con- 
nected with  the  retort  by  a  strong  copper  tube  and  a  pair  of  union  screw- 
joints  ;  a  tube  passes  from  the  stop-cock  downwards,  and  terminates  near  the 
bottom  of  the  vessel. 

The  operation  is  thus  conducted :  2f  lb.  of  bicarbonate  of  soda,  and  6|^  lb. 
of  water  at  100°  (87°*7C),  are  introduced  into  the  generator;  oil  of  vitriol 
to  the  amount  of  1}  lb.  is  poured  into  a  copper  cylindrical  vessel,  which  is 
lowered  clown  into  Uie  mixture,  and  set  upright ;  the  stop-cock  is  then  screwed 

'  PfaiL  Trans,  for  1845,  p.  155.    M.  Natterer,  in  Vienna,  has  since  sncceeded,  by  means  of  a 
coodenriog  pump,  which  can  be  worked  without  any  risk,  in  directly  condensing  nitioxuMaSAik 
withont  the  nse  of  strong  fligorifio  mixtures. 


uid  mix  with  the  other  contents  of  Che  gonomtor :  and  this  i 

lay  swinging  the  whole    baokwania  and  forwarda  for  a  few  minntea,  ■ 

Vhioh  it  mny  he  suffered  to  roTn&in  a  little  ti 

The  receiver  aurronnded  with  ioe,  is  next  conoeated  with  the  geDBMitM, 
Mid  both  cocks  opened ;  the  liquefied  carbonic  aoid  disliU  over  into  the  iK)ld<d{ 
▼essel,  sod  there  again  in  pnrt  condeoHes.     The  oooks  n 
Tessels  discennected,  the  oock  of  the  geiierator  opened  to  allow  the  oontainaM 
gas  to  escape;   and,  lastly,  when  the  issue  of  gas  hai  quile  teaied,  the  atop^ 
cock  itself  is  unacrewod,  and  the  snlphate  of  soda  tarned  out.    This  operatio 
mnst  be  repeated  five  or  sii  timea  before  any  very  considemblB  qna   "'"  " 
JiqneGed  acid  will  have  accumulated  in  the  receiver.   When  the  recei 
charged  baa  its  stop-cook  opened,  a  stream  of  tbe  liquid  ia  foroibly  drive 
ap  the  tabe  by  the  elastiaitj  of  the  gaa  contained  iu  the  upper  port  of  tl 

It  will  be  quite  proper  to  point  out  to  the  eiperimenter  the  great  peraoBll 
danger  he  incurs  io  naingthiB  apparatus,  unless  the  utujost  care  bo  taken  Inlfq 
manngBmeiit.      A    dreadful    accident   haa    already  ocoorred  in  I'acis  by  (1 
'     bnrating  of  one  of  the  iron  ■vosscls, 

I      Tbe   cold   produced  bj  evaporation  has  been  already  adverted 
g  Sbnply  an  effect  arising  from  the  CDnveraion  of  sensible  heat  into 
the  rising  vapor,  and  it  may  be  illustrated  in  a  variety  of  ways.     A  li 
ether  drop pfd  on  the  hand  thus  produces  the  sensation  of  great  cold  j 
water  contaiaed  in  a  thin  gloss  tube,  Buironniled  by  a  bit  of  rog,  ia  apeedijfa 
Iro^cn  when  tbe  rag  is  kept  wotted  with  ether. 
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WkM  ft  little  vattr  u  pat  into  &  watcb-glus,  aopportad  bj  ■  tiiftngit  of 
Hn  anr  &  shmllow  gltsa  diah  of  solpburie  &eid 
plual  Dn  tb«  pl&l«  of  b  good  air-pump,  tha  ng.lS. 

ihili  eafared  witb  m  lov  receiTcr,  and  the 
■ir  vithdrawn  as  parfcctlj  at  pamible,  the 
nto  ii  ID  a  fn  minutes  oanTorted  into  ■  solid 
UK  sf  ice.  Ths  absence  of  the  iinpedimeDt  of 
Uuiir,  and  the  rapid  abaorption  of  watery  *apor 
kjthi  oil  of  TJtriol,  induce  sneh  qaick  sTapo- 
htionthat  the  water  baa  its  teinperatare  almost 
buDs^tel;  t«diieed  to  the  freeiing- point. 

Thi  wme  foot  la  shown  by  »  bcHatitiii  instrument  contnTed  bj  Ih-.  WolUa- 
tiB,  aDed  a  eryopionu,  or  ft^wt-eorrier.  It  is  made  of  glass,  of  the  fignra 
i^tSBDted  bcdow,  and  contains  a  small  qnanti^  of  water,  the  rest  of  the 


^H«  being  Tscnoiu.  When  all  the  water  it  turned  into  the  bnlb,  and  the 
(■plj  extremis  plunged  into  a  miitare  of  ioe  and  salt,  the  solidification  of 
lb  nper  girea  riae  to  sach  a  qnick  eraporation  from  the  surface  of  the 
*iter,  thftt  the  latter  fl^ies. 

ill  means  of  prodncing  artificial  cold  paid  to  that  derived  from  the  erapo- 
ntjim  of  tke  liqaefied  carbonic  acid,  just  mentioned.  When  a  jet  of  that 
Eitiid  is  allowed  to  iaaaa  into  the  air  from  a  narrow  apertare,  sacb  an  intense 

'^NS  of  eoM  is  pradDoed  by  the  eTsporiiation  of  a ..  ..  .t r_  j... 

fudi  to  A  ■oltd,  and  hits  in  a  shower  of  snow. 
tj  nfaiiiig  Oiit  jet  of  liquid  to  fiow  into  a  metal 
MI  jmnided  for  the  purpose,  ehown  in  the  drsw- 
>t  sf  the  spparatoa,  a  large  quantity  of  the  solid 
•dd  taaj  be  ebt^ed ;  it  closely  resembles  snow 
it  sppeaiBBce,  and  when  held  in  the  band  occft- 
liau  a  painfbl  sensation  of  cold,  while  it  gradually 
^*ap^l^M^.  Mixed  with  a  little  ether,  and  poured 
■¥«  a  maM  vf  mercniy,  the  latter  ia  almost 
WISDtly  ftmen,  and  in  this  way  pounds  of  the 
■oUilad  metal  nay  be  obt^ned.  The  addition 
•f  tk*  atbar  Ibdlitates  the  contact  of  the  carbonic 
>dl  with  the  BMVoiy. 

As  tMiperatore  of  a  miitnre  of  solid  car- 
Ms  aeid  and  eth«r  in  the  sir,  measnred  by  a 
Vhit4bermiBDeter,  was  fonnd  to  be  — 106° 
(~TV'.60);  when  the  same  mixture  was  placed 
^■atalh  the  reedTer  of  an  vr-pump,  and  exhans- 
tioniaiHdly  Bade,  the  temperatare  sanli  to  — 166° 
(— 11(K!).  This  was  the  method  of  obt^ning 
■"*"~»  sold  employed  by  Mr.  Faraday  in  his 
'  I  on  the  liqnefaction  of  gaaee. 
« the  liquefied  hydriodic, 
reus  acid  %aaei,  carbonic 
-, ,     snlphorclled     hydrogen, 

'VnigsB,  and  smBonia,  fro»e  to  colorbaa  tranapannt  toUd*,  vA  litAA 
*— III  ihiut  anil  iillj 
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-Tb  H  X  a  X  . 

Ths  principle  of  the  ETfcphonis  has  been  Tei7  bappilj  applied  'bj' 
Daniell  to  tbe  construotiDn  of  a  deir-poini  bjgrotPtter,  fig.  J7.  It  ooiunfr' 
ft  1>eDt  glass  tube  tenaioBtecl  by  ma  bulbn,  one  of  Khich  is  half  fiUed 
ctbcr,  the  vhnio  being  mcuoaa  aa  respects  atino9ph«Tic  air.  A  del 
thcrmoDicter  ie  coutBinvd  in  the  longer  limb.  tliB  bulb  of  wbicb  dips  into 
ather;  u  second  tbermonietFr  on  Ibe  slnnd  «ei-veB  to  show  the  aotuu  temperai- 
tnre  of  the  air.  Tbo  upper  bulb  is  coYnred  with  a  bit  uf  muslin.  'When  an 
obsBrratioD  is  to  be  made  tbe  liquid  ie  all  Iraneferred  to  the  lover  bulb,  and 
ether  dropped  npon  tbe  upper  one,  until  by  Ibe  cooling  effect  of  eraporKtiun 
a  distillation  of  Ibe  contained  liquid  takes  place  from  one  part  of  tbe  ftpparatuB 
to  the  oilier,  by  vMch  such  a  rednctioa  of  temperature  of  the  etber  ia  brooght 
•boat,  that  dew  is  deposited  on  tbe  oatsido  of  tbe  bulb,  vbicb  ia  made  of 
black  glass  in  order  that  it  lusy  more  easily  be  seeu.  The  difference  of 
temperuture  itidicated  by  tbe  two  thermometers  is  then  read    " 


;1 


It  is  a  Tery  remariable  fsct  that  equal  weigbte  of  different  snbstani  _ 
huTing  the  same  temperature  require  different  amouuts  of  best  to  raise  thew 
to  D  given  degree  of  temperature.  If  1  lb.  of  water,  at  100°  (87''-7C),  '  ' 
miied  with  1  lb.  at  40°  (4°'1C},  as  is  well  known,  a  mean  temperature 

--^.  E=  70°  (21=]C)  is  obtained.  In  the  same  way  the  mean  tempei*' 
ture  is  found  when  warm  and  cold  oil,  Or  warm  and  cold  mercury,  Jie., 
mixed  together.  But  if  1  lb.  of  water  ot  100°  be  mixed  with  1  lb.  of  oliTe< 
--'  t  40°,  or  with  1  lb.  of  mercury  at  40°,  instead  of  the  mean  temperaltiTe 
D=,  in  the  one  case  80°  (26''HC).  in  the  other  ease  08°  (86°-7C),  wiU  be 
obtained :  20  degrees  of  beat,  wbiob  the  water  (by  cooling  from  100°  to  SO") 
gaie  to  the  same  weight  of  oil,  were  sufficient  to  raise  (he  oil  40°,  that  i^ 
from  40°  to  80°,  and  2°  which  tho  water  lost  by  cooling  from  100"  tft  98", 
■officed  to  heat  an  equal  quantity  of  mercury  68°,  namely,  from  40°  to  98°. 

It  ia  evident  from  these  experiments,  that  the  qnnntitiea  of  heat  whioh 
equal  weights  of  water,  olife  oil,  and  mercury,  require  to  raise  their  tempera- 
tore  to  the  same  height,  are  unequal,  and  that  they  are  iu  the  proportion  of 
the  numbers  I ;  jj  "■  /f 

That  quantity  of  heat  which  is  necessary  to  raise  the  unit  of  weight  of  any 
■abstance  one  degree  is  called  the  capadly  for  htat ;  and  those  nnnibers  wbiob 
.  express  the  relalion  of  the  different  capacities  for  heat  of  different  bodies  are 
'  called  the  specific  htat.  Thus  tbe  specific  heat  of  oil  is  |g  =z  ^,  when  that  of 
water  =;  1.  The  specific  heat  of  mercury  ia  about  ^^  =  ^  that  of  water. 
There  are  three  distinct  methods  by  which  tho  specific  heat  of  Tariona  sub- 
■tancea  may  be  estimated.  Tbe  first  of  these  ia  by  observing  the  qnantlty  of 
loe  melted  by  a  given  weight  of  the  substance  heated  to  a  particular  tempera, 
ture ;  the  second  is  by  noting  the  time  which  tbe  heated  body  reqnires  to  cool 
down  through  a  certain  number  of  degrees  ;  and  the  third  is  tbe  melliod  of 
mixture,  on  the  principle  illustrated;  this  latter  method  is  preferred  aa  the 

The  determination  of  the  specific  heat  of  different  substances,  baa  occupied 
the  attention  of  many  experimenters ;  among  these  MM.  Uulong  and  Petit, 
and  recently  M.  Regnault,  deserve  especial  mention. 

From  the  observaUons  of  these  and  other  physicists,  it  follows  that  eaoh 
body  has  its  peculiar  capacity  for  heat,  and  that  it  increases  with  tbe  increase 
of  temperature.  If,  for  example,  the  heat  which  the  unit  of  water  loses  by 
eooling  from  50°  (10°C),  to  82°  (0°C),  bo  marked  at  18,  then  tbe  loss  by 
ecoling  from  122°  (50°C),  to  32°  will  be  not  30,  corresponding  to  tbe  differ 
^enoe  of  temperature,  but  9016.  By  cooling  from  212°  (lOCC)  to  82'  it  is 
JSD'BC^  and  rises  to  365-76,  when  the  water  is  heated  under  great  pressure  to 
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192®  (200°C),  and  afterwards  cooled  to  32°.  Similar  and  even  more  striking 
differences  have  been  found  with  other  substances.  It  has  also  been  proved 
that  the  capacity  for  heat  of  any  substance  is  greater  in  its  liquid  than  in  its 
solid  state.  For  example,  the  specific  heat  of  ice  is  0*504,  that  is,  not  more 
than  half  as  great  as  that  of  liquid  water. 

It  is  remarkable  that  the  capacity  for  heat  of  water  is  greater  than  that  of 
all  other  solid  and  liquid  substances,  and  is  only  exceeded  by  that  of  hydro- 
gen. The  capacity  for  heat  of  the  solid  parts  of  the  crust  of  the  globe  is  on 
an  average  J^,  and  that  of  the  atmosphere  is  a  little  more  than  ^  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  temperature  be 
accurately  known,  then  from  the  quantity  of  heat  which  this  body  gives  out, 
when  quickly  dipped  into  cold  water,  the  temperature  to  which  the  body  was 
heated  may  be  determined.  Pouillet  has  founded  on  this  fact  a  method  of 
measuring  high  temjperature,  and  for  this  purpose,  with  the  help  of  the  air- 
thermometer,  he  has  determined  the  specific  heat  of  platinum  up  to  2912° 
(1600°C). 

The .  determination  of  the  specific  heat  of  gases  is  attended  with  peculiar 
difficulties  on  account  of  the  comparatively  large  volume  of  small  weights  of 
gases.  Satisfactory  results  have,  however,  been  obtained  by  the  method  of 
mixing  for  the  following  gases. 


SPEOIFIO   HEAT. 

Equal  Tolume. 

Equal  weights. 

The  volume » 

The  pressure 

Air  =  1.       Water  =  L 

constant 

constant. 

Atmospheric  air 

X                   t 

1            •      0-2669 

Oxygen 

0-9045        0-2414 

HycLrogen 

1              • 

14-4510        3-8569 

Nitrogen 

A             * 

1-0296        0-2748 

Carbonic  oxide 

•1    » 

1-0337        0-2759 

Protoxide  of  nitrogen 

1^227 

1^160 

0-7607        0-2030 

Carbonic  acid 

1-249 

1175 

0-7685        0-2051 

Olefiant  gas    . 

1-754 

1^531 

1-5829        0-4225 

For  the  comparison  of  the  specific  heat  of  atmospheric  air  with  that  of  water 
we  are  indebted  to  Count  Rumford ;  for  the  comparison  of  the  specific  heat  of 
the  various  gases  to  Delaroche  and  Berard,  Dulong  and  Regnault.^ 

*  Begnault's  recent  researches  confirm  the  statement  that  equal  Tolumes  at  the  same  pre» 
sure  of  the  elementary  gases,  oxygen,  nitrogen,  and  hydrogen,  possess  the  same  specific  heat. 
The  nnmhers  found  for  chlorine  and  hromine,  however,  show  that  (he  law  does  not  hold  good 
fbr  all  the  elementary  gases.    The  following  are  Regnault's  results: — 


SPBcmo  Heat  at  Equal  Prxssurx. 


Atmospheric  air 
Oxygen 
Nitrogen 
Hydrogen     . 
Chlorine 

Bromine  vapor     . 
Carbonic  oxide     . 
Carbonic  add 
Protoxide  of  nitrogen 
Binoxide  of  nitrogen 
defiant  gas  . 
Marsh  gas 
Aqueous  vapor     . 
SuIphurettcMl  hydrogen 
Sulphurous  acid  . 
Bisulphide  of  carbon 
Hydrochloric  add 
Ammonia 


Specific  gravity. 

1 

1-1056 

0^9713 

0-0692 

2-4400 

5-39 

0-9674 

1-5290 

1-5250 

1-0390 

0-9672 

0-5527 

0-6210 

1-1912 

2-2470 

2-6325 

1-2474 

0-5894 


For  equal  volumes. 
Water 
0-2377 
0-2412 
0-2370 
0-2356 
0-2962 
0-2992 
9-2309 
0-3308 
0-3418 
0-2406 
0-3277 
0-3572 
0-2950 
0*2886 
%3489 
0-4146 
0-2302 
0-2994 


For  equal  weighti. 
=  1. 

0-2377 

0-2182 

0-2440 

3-4046 

0-1214 

00552 

0-2479 

0-2164 

0-2238 

0-2315 

0-5929 

0-3694 

0-4750 

0-2423 

0-1553 

0-1575  . 

0-1846 
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The  obseiralions  of  Delaroche  and  Berard  led  to  the  supposition  that  the 
Bpecific  heat  of  gases  increased  rapidly  when  the  temperature  wg«  increased; 
and  that  with  any  fixed  yolume  of  gas  it  increased  in  proportion  to  its  density 
or  tension.  Begnault  has,  however,  found  that  the  quantity  of  heat  which  a 
given  yolume  of  gas  requires  for  heating  is  independent  of  the  density  of  the 
gas,  and  for  each  degree  of  heat  between  -22®  ( -80®G)  and  487°  (226oG) 
remains  constant. 

Whenever  a  gas  expands,  heat  becomes  thereby  latent.  Hence  the  amount 
of  heat  required  to  raise  a  gas  to  a  certain  temperature  increases  the  more  we 
allow  it  to  expand.  Dulong  has  found  that  if  the  amount  of  heat  required  to 
raise  the  temperature  of  a  volume  of  gas  (observed  at  the  melting-point  of  ice, 
and  at  a  pressure  of  80  inches)  to  a  given  height,  without  its  volume  under- 
going any  change,  be  represented  by  1,  then  if  the  gas  be  allowed  to  expand 
until  the  pressure  is  reduced  again  to  30  inches  whilst  the  high  temperature 
is  kept  up,  the  additional  amount  of  heat  which  is  required  for  this  purpose 
is,  for  oxygen,  hydrogen,  or  nitrogen  0*421 ;  for  carbonic  acid  0*428 ;  for  bin- 
oxide  of  nitrogen  0*846 ;  and  for  defiant  gas  0*240. 

If  there  be  no  source  of  heat  from  which  this  additional  quantity  can  be 
obtained,  then  the  gas  is  cooled  during  expansion,  a  portion  of  the  free  heat 
becoming  latent.  On  the  other  hand,  if  a  gas  be  compressed,  this  latent  heat 
becomes  free,  and  causes  an  elevation  of  temperature,  which,  under  favorable 
circumstances,  may  be  raised  to  ignition :  syringes  by  which  tinder  is  kindle  1 
are  constructed  on  this  principle.  In  the  upper  regions  of  the  atmosphete 
the  cold  is  intense ;  snow  covers  the  highest  mountain-tops  even  within  tlie 
tropics,  and  this  is  due  to  the  increased  capacity  for  heat  of  the  expand  3d 
air. 

MM.  Dulong  and  Petit  observed  in  the  course  of  their  investigation  a  niost 
remarkable  circumstance.  If  the  specific  heats  of  bodies  be  computed  upon 
equal  weights,  numbers  are  obtained  all  di£ferent,  and  exhibiting  no  simple 
relations  among  themselves ;  but  if,  instead  of  equal  weights,  quantities  be 
taken  in  the  proportion  of  the  chemical  equivalents,  an  almost  perfect  coin- 
cidence in  the  numbers  will  be  observed,  showing  that  some  exceedingly  inti- 
mate connexion  must  exist  between  the  relations  of  bodies  to  heat  and  their 
chemical  nature ;  and  when  the  circumstance  is  taken  into  view,  that  relations 
of  even  a  still  closer  kind  link  together  chemical  and  electrical  phenomena, 
it  is  not  too  much  to  expect  that  ere  long  some  law  may  be  discovered  far 
more  general  than  any  with  which  we  are  yet  acquainted. 

The  £oUowing  table  is  extracted  from  the  memoirs  of  M.  Begnault,  with 
whose  results  most  of  the  experiments  of  Dulong  and  Petit  closely  coincide. 


Spedfio  heat 
Subfltancefl.  of  equal 

weights. 

Water       .        .    1-00000 

Oil  of  Turpentine  0*42593 

Glass        .        .     0*19768 


Iron 

Zinc 

Copper 

Lead 

Tin 

Nickel 

Cobalt 


0-11379 
009565 
0-09515 
0*08140 
0*06623 
0-10863 
0*10696 


Specifio  heat 

ofequiyalent 

weights. 


8*0928 
80872 
8-0172 
8-2681 
8-8121 
8*2176 
8-1628 


Spedfio  heat 

Specific  heat 

Suhstances. 

of   equal 

ofequiyalent 

weights. 

weights. 

Platinum  . 

.     0-08248 

.  8-2054 

Sulphur    . 

.     0-20269 

.  8-2667 

Mercury  . 

.     008332 

.  8-7128 

Silver 

.     0*05701 

.  6-1742 

Arsenic     . 

.    0-08140 

.  6-1826 

Antimony 

.    0-05077 

.  6*5615 

Gold 

.     003244 

.  6-4623 

Iodine 

0-05412 

.  6-8462 

Bismuth    . 

.    0-08084 

.  2-1917» 

>  [The  equivalent  of  bismuth  being  assumed  as  71,  but  adopting  208,  the  number  giyen  under 
iha  head  of  bismuth,  the  specific  heat  of  an  equivalent  weight  will  be  6*4207,  or  ooindde  with 
fhe  five  preceding.— B.  B.] 
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Of  the  numbers  in  the  second  column,  the  first  ten  approximate  far  too 
eloselj  to  each  other  to  be  the  result  of  mere  accidental  coincidence ;  the  five 
that  follow  are  very  nearly  twice  as  great ;  and  the  last  is  one-third  less. 

Independently  of  experimental  errors,  there  are  many  circumstances  whicb 
tend  to  show,  that,  if  all  modifying  causes  could  be  compensated,  or  theii 
effects  allowed  for,  the  law  might  be  rigorously  true. 

The  obserrations  thus  made  upon  elementary  substances  have  been  extended 
by  M.  Begnault  to  a  long  series  of  compounds,  and  the  same  curious  law 
found,  witib  the  above  limitations,  to  prevail  throughout,  save  in  a  few  isolated 
cases,  of  which  an  explanation  can  perhaps  be  given. 

Except  in  the  case  of  certain  metallic  alloys,  where  the  specific  heats  were 
che  mean  of  those  of  their  constituent' metals,  no  obvious  relation  can  be  traced 
between  the  specific  heat  of  the  compound  body  and  of  its  components.  The 
most  general  expression  of  the  facts  that  can  be  given  is  the  following : — 

In  bodies  of  ntnUar  chemical  constitutiony  the  specifie  heats  are  in  an  inverse  ratio 
to  the  equivaUtU  weights,  or  to  a  multiple  or  submultipU  of  the  latter, — Simple  as 
well  as  compound  bodies  will  be  comprehended  in  this  law.^ 

SOURCES   OF   HEAT. 

The  first  and  greatest  source  of  heat,  compared  with  which  all  others  are 
totally  insignificant,  is  the  sun.  The  luminous  rays  are  accompanied  by  rays 
of  a  heating  nature,  which,  striking  against  the  surface  of  the  earth,  elevate 
its  temperature ;  this  heat  is  communicated  to  the  air  by  convection,  as  already 
described,  air  and  gases  in  general  not  being  sensibly  heated  by  the  passage 
of  the  rays. 

A  second  source  of  heat  is  supposed  to  exist  in  the  interior  of  the  earth. 
It  has  been  observed,  that  in  sinking  mine-shafts,  boring  for  water,  &c.,  the 
temperature  rises  in  descending  at  the  rate,  it  is  said,  of  about  \°  (|°C)  for 
every  46  feet,  or  117°  (66°C)  per  mile.  On  the  supposition  that  the  rise  con- 
tinues at  the  same  rate,  at  the  depth  of  less  than  two  miles  the  earth  would 
have  the  temperature  of  boiling  water ;  at  nine  miles  it  would  be  red-hot ;  and 
at  80  or  40  miles  depth,  all  known  substances  would  be  in  a  state  of  fusion.^ 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an  intensely-heated 
fluid  spheroid,  covered  with  a  crust  of  solid  badly-conducting  matter,  cooled 
by  radiation  into  space,  and  bearing  somewhat  the  same  proportion  in  thick- 
ness to  the  ignited  liquid  within  that  the  shell  of  an  egg  does  to  its  fluid  con- 
tents. Without  venturing  to  offer  any  opinion  on  this  theory,  it  may  be  sufK- 
dent  to  observe  that  it  is  not  positively  at  variance  with  any  known  fact ;  that 
the  figure  of  the  earth  is  really  such  as  would  be  assumed  by  a  fluid  mass ; 
and,  lastly,  that  it  offers  the  best  explanation  we  have  of  the  phenomena  of 
hot  springs  and  volcanic  eruptions,  and  agrees  with  the  chemical  nature  of 
their  products. 

The  smaller,  and  what  may  be  called  secondary,  sources  of  heat,  are  very 
numerous :  they  may  be  divided,  for  the  present,  into  two  groups,  mechanical 
motion  and  chemicid  combination.  To  the  first  must  be  referred  elevation  of 
temperature  by  friction  and  blows ;  and  to  the  second,  the  efi^ects  of  combus- 
tion and  animal  respiration.  With  regard  to  the  heat  developed  by  friction, 
it  appears  to  be  indefinite  in  amount,  and  principally  dependent  upon  the 
nature  of  the  rubbing  surfaces.  An  experiment  of' Count  Rumford  is  on 
record,  in  which  the  heat  developed  by  the  boring  of  a  brass  cannon  was  suf- 

*  Ann.  Chim.  et  Phyv.,  IxxiiL  6;  and  the  same,  3d  series,  i.  129. 

*  The  Ai^tesian  well  at  Grenelle,  near  Paris,  has  a  depth  of  1794*5  English  feet;  it  is  bored 
through  the  chalk  basin  to  the  sand  beneath ;  the  work  occupied  seven  years  and  two  months. 
l%e  temperature  of  the  water,  which  is  exceedingly  abundant,  is  82°  (27^70) ;  the  mean  tern- 
<>erature  of  Paris  is  51^  (10^60);  the  difference  is  81<>  CVl^TC),  which  gives  a  rate  of  aboatl? 
^k°C)  fox  58  feet. 


82  HEAT. 

ficicnt  to  bring  to  the  boiling-point  two  and  a  half  gallons  of  water,  while  the 
dust  or  shavings  of  metal,  cut  bj  the  borer,  weighed  a  few  ounces  only.  Sir 
H.  Dayy  melted  two  pieces  of  ice  bj  rubbing  them  together  in  yacuo  at  82^ 
(O^C) ;  and  uncivilized  men,  in  various  parts  of  the  world,  have  long  been 
known  to  obtain  fire  by  rubbing  together  two  pieces  of  dry  wood.  The  origin 
of  the  heat  in  these  cases  is  by  no  means  intelligible,  although  from  the  inte- 
resting investigation  of  Joule  on  the  mechanical  equivalent  of  heat,  we  know 
that  the  quantity  of  heat  evolved  by  rubbing  is  proportioned  to  the  amount  of 
mechanical  work  employed. 

Malleable  metals,  as  iron  and  copper,  which  become  heated  by  hammering 
or  powerful  pressure,  are  found  thereby  to  have  their  density  sensibly  increased 
and  their  capacity  for  heat  diminished ;  the  rise  of  temperature  is  thus  in  some 
measure  explained.  A  soft  iron  nail  may  be  made  red-hot  by  a  few  dezterops 
blows  on  an  anvil ;  but  the  experiment  cannot  be  repeated  until  the  metal  has 
been  annealed^  and  in  that  manner  restored  to  its  original  physical  state. 

The  disengagement  of  heat  in  the  act  of  combination  is  a  phenomenon  of 
the  utmost  generality.  The  quantity  pf  heat  given  out  in  each  particular  case 
is  in  all  probability  fixed  and  definite ;  its  intensity  is  dependent  upon  the  time 
over  which  the  action  is  extended.  Science  has  already  been  enriched  by 
many  admirable,  although  yet  incomplete,  researches  on  this  important  but 
most  difiicult  subject 

It  is  not  improbable  that  many  of  the  phenomena  of  heat,  classed  at  pre- 
sent under  different  heads,  may  hereafter  be  referred  to  one  common  cause, 
namely,  alterations  in  the  capacity  for  heat  of  the  same  body  under  dlflferent 
physical  conditions.  For  example,  the  definite  absorption  and  evolution  of 
sensible  heat  attending  change  of  state  may  be  simply  due  to  the  increased 
capacity  for  heat,  to  a  fixed  and  definite  amount  of  the  liquid  oyer  the  solid, 
and  the  vapor  over  the  liquid.  The  experimental  proof  of  the  facts  is  yet 
generally  wanting :  in  the  very  important  case  of  water,  however,  the  de- 
cidedly inferior  capacity  for  heat  of  ice  compared  with  that  of  liquid  water 
seems  fuUy  proved  from  experiments  on  record. 

The  heat  of  combination  might,  perhaps,  in  like  manner,  be  traced  to  con- 
densation of  volume,  and  the  diminution  of  capacity  for  heat  which  almost 
invariably  attends  condensation.  The  proof  of  the  proposition  in  nmneroiui 
eases  would  be  within  the  reach  of  comparatively  easy  experimental  inqniiy. 
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Thb  sobject  of  light  is  so  little  connected  with  elementary  chemistry,  that 
a  yery  slight  notice  of  some  .of  the  most  important  points  will  suffice. 

Two  yiews  haye  been  entertained  respecting  the  nature  of  light.  Sir  Isaac 
Newton  imagined  that  luminous  bodies  emit,  or  shoot  out,  infinitely  small 
particles  in  straight  lines,  which,  by  penetrating  the  transparent  part  of  the 
eye,  and  falling  upon  the  nerrous  tissue,  produced  vision.  Other  philosophers 
drew  a  parallel  between  the  properties  of  light  and  those  of  sound,  and  con- 
sidered that,  as  sound  is  certainly  the  effect  of  undulations,  or  little  waves, 
propagated  through  elastic  bodies  in  all  directions,  so  light  might  be  nothing 
more  than  the  consequence  of  similar  undulations  transmitted  with  inconceiv- 
able velocity  through  a  highly-elastic  medium,  of  excessive  tenuity,  filling  all 
space,  and  occupying  the  intervals  between  the  particles  of  material  substan- 
ces, to  which  they  gave  the  name  of  ether.  The  wave-hypothosis  of  light  is 
at  present  more  in  favor,  at  it  serves  to  explain  certain  singular  phenomena, 
discovered  since  the  time  of  Newton,  with  greater  facility  than  the  other. 

A  ray  of  light  emitted  from  a  luminous  body  proceeds  in  a  straight  line, 
and  with  extreme  velocity.  Certain  astronomical  observations  afford  the 
means  of  approximating  to  a  knowledge  of  this  velocity.  The  satellites  of 
Jupiter  revd^e  about  the  planet  in  the  same  manner  as  the  moon  about  the 
eartli,  and  the  time  required  by  each  satellite  for  the  purpose  is  exactly 
known  from  its  periodical  entry  into  or  exit  from  the  shadow  of  the  planet. 
The  time  required  by  one  is  only  42  hours.  Romer,  the  astronomer,  at 
Copenhagen,  found  that  this  period  appeared  to  be  longer  when  the  earth,  in 
its  passage  round  the  sun,  moved  from  the  planet  Jupiter ;  and,  on  the  con- 
trary, he  observed  that  the  periodic  time  appeared  to  be  shorter  when  the 
earth  moved  in  the  direction  towards  Jupiter.  The  difference,  though  very 
small  for  a  single  revolution  of  tlie  satellite,  by  the  addition  of  many  so  in- 
creases, during  the  passage  of  the  earth,  from  its  nearest  to  its  greatest  dis- 
tance from  Jupiter,  that  is,  in  about  half  a  year,  that  it  amounts  to  16 
minutes  and  16  seconds.  Romer  concluded  from  this,  that  the  light  of  the 
sun,  reflected  from  the  satellite,  required  that  time  to  pass  through  a  distance 
equal  to  the  diameter  of  the  orbit  of  the  earth ;  and  since  this  space  is  little 
short  of  200  millions  of  miles,  the  velocity  of  light  cannot  be  less  than 
200,000  miles  in  a  second  of  time.  It  will  be  seen  hereafter  that  this  rapidity 
of  transmission  is  rivalled  by  that  of  the  electrical  agent. 

When  a  ray  of  light  falls  on  a  plane  surface  it  may  be  disposed  of  in  three 
ways :  more  or  less  is  absorbed  and  so  disappears,  the  rest  is  either  wholly 
or  partly  reflected,  and  partly  transmitted.  Those  bodies  which  absorb 
nearly  aU  the  rays  of  light  falling  on  them  appear  black.  Those  which,  like 
glass  or  water,  allow  the  greater  part  to  pass  through  are  called  transparent. 
The  reflected  light  may  be  reflected  diffusely  or  regularly.  Those  bodies 
which  reflect  regularly  the  greater  part  of  the  light  possess  lustre  like 
polished  bodies :  the  perception  of  bodies  depends  on  the  diffused  reflected 
light. 

The  law  of  regular  reflection  is  extremely  simple.  If  a  line  be  drawn  per- 
pendicular to  the  surface  upon  which  the  ray  falls,  and  t\iQ  \)bTi^<^  <^Qi\i\ax\i<^^ 
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betwocn  tlio  ray  and  the  p(!rp«ii(licii1iir  mcanurod,  it  will  be  found  that  tht 
ray,  after  reflRction,  tukcH  Huch  a  coufho  aH  to  make  with  the  perpendienlir 

an  ticpial  an^le  on  the  opposite  side  of  tht 
latter.  K  ray  of  light,  it,  falling  at  tht 
point  I'  will  be  reflected  in  the  direction 
i>K^  making  Uie  angle  k^fp^  eqnal  to  tht 
angle  kpi*^  ;  or  a  ray  ftrom  the  point  r  foiling 
u|>ou  the  same  spot  will  be  reflected  to  r^  io 
Yirtue  of  the  name  law.  Farther,  it  it  to 
bo  obtioryed,  that  the  incident  and  reflected 
rayH  are  always  contained  in  the  lame  Ttr- 
tical  plane. 

The  Hamo  rule  holds  good  if  the  mirror 
be  currcd,  as  a  portion  of  a  ephere,  tht 
eurTo  being  conHidered  as  made  up  of  a  multitude  of  little  planes.  Paralltl 
rays  become  pennaueutly  altered  in  direction  when  reflected  from  cnrred  snr* 
faceH,  becoming  diyorgeut  or  convergent  according  as  the  reflecting  sorfiMe  if 
convex  or  concave. 

It  hiiH  juHt  been  stated  that  light  pasHos  in  straight  lines ;  but  this  is  OB^ 
(me  SO  long  as  the  medium  through  which  it  travels  preserves  the  same  den- 
sity and  the  same  chemical  nature ;  when  this 
ceaHCH  to  be  the  case,  the  ray  of  light  is  bent 
from  itH  courae  into  a  new  one,  or,  in  optiosl 
language,  Ih  said  to  be  refracted. 

Let  H  be  a  ruy  of  light  falling  upon  a  plate  of 
some  transparent  HubHtance  with  parallel  iidts, 
such  as  a  piece  of  tliick  pUte  glass;  and  A 
itH  point  of  contact  with  the  upper  rarfkcti 
The  ray,  instead  of  holding  a  str^ght  conrit 
and  paHHing  into  the  glaHs  in  the  direction  A 
n,  will  be  bent  downwards  to  o;  and,  on  leav- 
ing the  glaHH,  and  iHHuing  into  the  air  on  tht 
other  Hide,  it  will  again  be  bent,  but  in  the  op- 
poHito  direction,  ho  aH  to  make  it  parallel  to  tht 
continuation  of  itH  former  track.  The  general 
law  fs  thus  oxproHHod:  —  When  the  ray  pnHHOH  from  a  rare  to  a  denser 
medium,  it  ih  UHually  refracttid  towards  a  line  perpendicular  to  the  ivr- 
facM  of  the  latter;  and  converHely,  when  it  leaveH  a  denHO  medium  for 
a  rarer  one,  it  in  refrucUtd/ror/i  a  line  pei'pitndioular  to  the  surface  of  tht 
dcnHer  HiihHtfince :  in  the  former  ciiHe  the  angle  of  incidence  is  said  to  bt 
greater  than  that  of  refraction ;  in  the  latter,  it  in  siiid  to  be  loss.  In  both 
csHeH  the  direction  of  the  refnieti'd  ray  iH  in  the  plane  hah,  which  is  formtd 

by  the  falling  ruy,  and  by  the  porpendionUir  SA 
drawn  from  tlie  Hput  where  tlie  ray  is  refracted! 
the  angle  ii  a  h  ..  ha  h,  in  called  the  angle  of  in- 
cidenee.  The  angle  u  a  s  is  called  the  angle  of 
refraction.  The  (jiireronce  of  these  two  angleSi 
that  in,  tlie  angle  c  a  r,  is  the  refraction. 

The  amount  of  refraction,  for  tlie  same  m^ 
diiini,  varieH  with  the  obliipiity  with  which  tht 
ray  Htrike.H  the  Hurface.  When  por|>ondicuIar 
to  the  latter,  it  paHHOH  without  change  of  dirte- 
tion  at  all ;  and  in  other  poHitionH,  the  refirae- 
tion  increaHOH  with  the  obli(iuity. 

Let  II  rcpreHcnt  a  ray  of  light  falling  npoB 
the  Hurfaoe  of  a  maHH  of  plate  glass  at  the  point 
A.     From  this  point  let  a  pcrpendioolar  hfi 
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ud  be  continued  mto  the  aew  medium,  and  around  the  eame  point,  as  a,  cen- 
tre, lei  a  circle  be  drawn.  According  to  the  law  just  slated,  the  refrsction 
miuit  he  towards  the  perpendicular  j  iu  the  direction  a  r'  for  example.  Let 
the  liuea  d  —  a,  a'  —  a',  at  right  angles  to  the  perpendicular,  he  drawn,  and 
their  hogth  compared  by  means  of  a  scale  of  equal  parte,  and  noted  ;  their 
length  will  he  in  the  case  BupposcJ  in  the  proportion  of  3  to  2.  These  liaei 
ore  termed  the  sines  of  the  angles  of  incidence  and  refraction  reBpeclivelji. 

Now  let  another  to;  be  taken,  such  as  r;  it  is  refracted  in  the  same  manner 
to  r',  the  hending  being  greater  from  the  increased  obliquity  of  the  ray;  bat, 
what  is  Tery  remarkable,  it  the  sinea  of  the  two  new  angiea  of  incidence  and 
refraction  be  again  compared,  they  will  still  be  fonnd  to  hear  to  each  other 
the  proportion  of  8  to  2.  The  fact  is  expressed  by  saying,  that  the  ratio  of 
til  Minn  of  the  anglta  of  incidmei  and  rtfraclion  u  constant  for  the  tame  medium. 

Different  bodice  possess  different  refractive  powers ;  generally  speaking,  the 
densest  substances  relracl  most.  Combustible  bodies  have  been  noticed  to 
possess  greater  refiHclive  power  than  Ihejr  density  wonid  indioste,  and  from 
this  obsertation  Sir  I.  Newton  predicted  the  combustible  nature  of  the 
diamond  long  before  anjthitig  wflf  known  respecting  its  chemical  nature. 

The  method  adopted  for  describing  the  comparatiTo  refracliTe  powers  of 
different  bodies  is  to  state  the  ratio  borne  by  the  sine  of  the  angle  of  refrao- 
tion  to  that  of  incidence,  making  the  fanner  unity:  this  is  called  the  indea 
tif  refraction  for  the  substance.  Thus,  in  the  case  of  glass  the  index  of  re- 
fraction will  be  1-5.  Wheu  this  is  once  known  fur  any  pardoular  transparent 
body,  the  effect  of  the  latter  upon  a  ray  of  light  entering  it,  in  any  position, 
Mn  be  calcalated  by  the  aid  of  the  law  of  sines. 

galiituiffii.  Index  of  BefrictJoa.      autHtuma.  Index  of  Bafnctlgii. 
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nently  dofleottd  from  its  course  and  altered  in  its  direction, 

SrinoipU  that  the  properties  of  prisms  and  lenses 
epend.  To  take  an  example.  —  Let  the  sketch 
represent  a  triangular  prism  of  glass,  upon  the 
wde  of  which  the  ray  of  light  r  may  be  s 
to  fall.  This  ray  will  of  course  be  refracted  in 
entering  the  glass  towards  a  line  perpendioalar  ti: 
the  first  gurfaae,  and  again,  from  a  line  perpen, 
dioatar  to  the  second  surface  on  emerging  into 
the  air,     The  resnlt  is  the  deflection  a  o  a.  which  is  eqnal  to  the  B 

two  deflections  which  the  ray  undergoes  in  passing  through  the  pri 

A  convex  lens  is  thus  enabled  to  converge  rays  of  light  falling  upon  it,  and 
k  conoave  lens  to  separate  thfm  more  widely;  each  separate  part  of  the 
•nrfaoe  of  the  lens  produeing  its  own  independent  effeot. 

The  light  of  the  san  and  celestial  bodies  in  general,  aa  well  as  that  of  th« 
■lactric  spark  and  of  all  onlinary  flames,  is  of  a  compound  nature.  If  a  ray 
i>f  light  from  any  of  the  sources  mentioned  be  admitted  into  a  dark  room  by 

■  *  ililiMiu  depmlt  la  Uu  Jolnti  of  th*  bamhoo. 
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eoane,  but  irDl  be  decomposed  into  a  namber  of  cotortd  njt,  milob  umy  N 
reoeiied  upon  v.  wbile  Bcrcen  placed  bebind  Ibe  prism.  Wben  solar  liebt  ii 
employed,  ihe  colore  are  ejiremely  brilliftnl,  and  spread  into  an  oblong  spiM 
ot  coDEiderable  teogth,  Tfae  upper  part  of  Ibis  image  or  iprelrun  «tu  Im 
violet  and  the  lower  red,  the  iDlennedinle  portion,  commencing  trom  Qm 
Tiolet,  being  indigo,  blue,  green,  jiellow,  and  orange,  all  graduating  impel- 
«eptibl;  into  each  other.  This  ig  the  celebrated  eiperimenl  or  Sir  Irbm 
NevtODj  and  from  it  be  drew  the  inference  that  white  ligbt  is  compoMd  of 
MTcn  piiroitiTS  colors,  the  rajs  of  which  are  differently  refrangible  by  t^ 
same  medinm,  and  henoe  capable  of  being  ttuB  Heparated.  The  yiolet  r»j» 
are  moet  refrangible,  and  Ihe  red  mjs  least. 

Sir  D.  Brewster  is  diapoecd  to  tbink,  that  oat  of  Newton's  seren  primitin 
eolsra  four  are  really  compound,  and  formed  by  tbe  enperposition  of  the  three 
lemainiDg.  namely,  blue,  yellow,  and  red,  which  alone  desene  the  nune  of 
primttiTe.  When  these  three  kinds  of  rnys  ere  miied,  or  saperimpcsed,  in  a 
certain  definite  manner,  they  produce  while  light,  but  wben  one  or  two  ol 
them  are  in  eicesR,  then  an  effect  of  color  ia  perceptible,  simple  in  tbe  Snt 
case,  and  compound  in  the  second.  There  are,  according  to  Ibis  hypotfaedl, 
hj  no  mesDB  unlYer^ally  adopted,  rays  of  nil  refrangibilities  of  each  oolor, 
uid  consequently  white  light  in  every  part  of  (be  specinim,  but  then  tley 
■re  unequally  distributed:  the  blue  raya  are  more  nnmerons  near  tbe  top, 
tlie  yellow  towards  the  middle,  and  the  red  at  tbe  Ijoltom,  tbe  eiceea  of  each 
aolor  produoing  its  charac (eristic  effect.  In  the  diagram  below,  tbe  intensjij 
3f  esch  oolor  is  represented  by  tbe  height  of  a  curve,  and  tbe  effeeti  of 
■ilzturs  will  be  intelligible  by  a  little  eonei deration. 


Bodiel  of  the  same  mean  refractive  pon 
er  spread  oat  tbe  differently-colored  rays: 
red   rays,  for  instance,  are   equally  refracted   by 
materials,  it  does  not  follow  that  the  blue  or  tbe 
tffeelsd.     Hence,  prismn  of  different  varieties  of  gls 


always  equally  dispane 

(he  principal  yellow  ot 

.     wo   prisms   of  different 

tbe  violet  shall  be  similarly 

other  traDiparwt 
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milar  circuniEtanccs,  very  different  apeatra,  both  ai 
image,  and  the  relalifs  eitent  of  the  eolorad  bsEds. 
)ei;uliar  mode  of  analjaU  of  light,  dieooTered  bj  Sir 
John  Herscliel,  in  a,  solution  of  ealpb&t«  of  quiDine,  has  within  the  la^t  few 
years  led  to  Che  discover;  of  a,  most  remarksble  fsel.  Mr.  Btokei  has  observed 
tkaX  light  of  certain  refrsngibilit;  and  color  is  oapahle  of  e^cperiencing  a 
peculiar  influence  in  being  dispersed  by  certain  loedia,  nod  of  oudergoiDg 
thereby  ui  alteration  of  its  refrangibility  and  color.  This  curiona  change 
wn  be  produced  by  a  great  number  of  bodies,  both  liquid  and  solid,  traos- 
parent  and  opaque.  Frequently  the  change  affects  only  the  eztreice  limits, 
at  other  times  larger  portions,  and  in  a,  few  cases  oven  the  whole,  or,  at  all 
eients,  the  major  part  of  the  spcotrum.  A  dilute  solution  of  sulphate  of 
qniaine,  for  instance,  changeH  the  violet  and  the  dart-blue  light  to  sky-blue  ; 
by  B  decoction  ot  madder  in  a  solution  of  alum  all  rays  of  higher  refrangibility 
than  yellow  are  canverCed  into  yellow  ;  by  an  aleoholio  solution  of  tbe  eoloring 
matter  of  leaves  all  the  rays  of  the  apaotmm  become  red.  In  all  oases  in 
which  this  peculiar  pheuomenoD  presented  itself  in  a  greater  or  less  degree, 
Mr.  Stokes  observed  that  it  consisted  in  a  diminution  of  the  rofVangibility, 
Thus,  mys  of  so  high  a  degree  of  refrangibility,  that  they  extend  fur  beyond 
the  eitreine  limits  of  the  spectrum  visible  nndor  ordinary  clroumatnnoes,  may 
be  rendered  luminous,  and  converted  into  bine  and  even  red  light. 

The  colors  of  natural  objects  are  supposed  to  result  from  the  power  which 
the  surfaces  of  the  bodies  possess  of  absorbing  some  of  the  colored  rays, 
vhile  they  reSect  or  transmit,  as  the  case  may  be,  the  remainder.  Thus,  an 
object  appears  red  because  it  absorbs,  or  causes  to  disappear,  a  portion  of  the 
jbIIow  and  bine  rays  composing  the  white  light  by  which  it  is  illuminated. 

A  tay  of  common  light  made  to  pass  through  certain  crystals  of  a  particular 
order  is  found  to  undergo  a  very  remarkable  change.  It  becomes  split  or 
divided  into  two  rays,  one  of  which  Ibllows  the  general  law  of  refraction,  and 
the  other  takes  a  new  and  eitraordinary  course,  ilepondent  on  the  position 
of  the  crystal.  This  effect,  which  is  called  donble  refraction,  is  beautifully 
illuBlraCed  in  the  case  of  Iceland  spar,  or  crystallited  carbonate  of  lime.  On 
placing  a  rhomb  of  this  substance  on  a  piece  of  while  paper,  on  which  a  mark 
or  line  has  been  made,  the  object  will  be  seen  double. 

Again,  if  a  ray  of  light  be  suffered  to  fall  on  a  plate  of  glass  at  on  angle  of 
56°  45',  the  portion  of  the  ray  which  suffers  reflection  will  be  found  to  have 
acquired  properties  which  it  did  not  before  possess ;  for  on  throwing  it,  at 
the  same  angle,  opon  a  second  glass  plate,  it  will  be  observed  that  there  bto 
two  particular  positions  of  the  Intter,  namely,  those  in  which  the  planes  of 
incidence  are  at  right  angles,  when  the  ray  of  light  is  no  longer  reflected  but 
entirely  dispersed.    Light  which  has  suffered  this  change  ia  said  to  be  polarized. 

The  light  which  passes  through  the  first  or  polariiing  plate  is,  also,  to  a 
eertwn  eilant,  in  thia  peculiar  condition,  and  by  employ- 
ing a  series  of  similar  plates,  held  parallel  to  the  first,  ^'b-  ^■ 
this  effect  may  be  greatly  increased ;  a  handle  of  fifteen 
or  twenty  such  plates  may  bo  naed  with  great  convenience 
for  the  eiperiment.  It  is  to  be  remarked,  also,  that  the 
light  polorited  by  transmission  in  this  manner  is  in  oa 
opposite  state  to  that  polarized  by  reflection ;  that  is, 
when  oiaminod  by  a  second  or  analyzing  plate,  held  at  the 
angle  before  mentioned,  it  will  bo  seen  to  be  reflected 
when  the  other  is  transmitted,  and  to  be  dispersed  when 
the  first  is  reflected. 

It  is  not  every  substance  which  is  capable  of  polarizing 
light  in  this  manner;  glass,  water,  and  certain  other 
bodies  bring  about  the  change  in  question,  each  having  a 
|i*«tiaular'potariung  angle  at  which  the  effect  is  greatest. 
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f  the  netali  also  oin,  bj  reflectian,  polariie  tbc  light,  but  they  do  so  ^W»^ 
I  linperfectlj.  The  two  rsye  into  wbich  a  pencil  of  common  ligbt  divides  ilaaa  'I 
I  In  psssing  through  a  doublj-refrncting  arjalal  are  found  on  eiKlnlBatioii  U  i 
f  be  poloHiod  in  a  ver;  complete  manaer,  and  also  tranETereelf.  the  ona  beiU  1 
I  eapnble  of  reflection  vhen  the  other  TsnisliGB  or  is  tranemilted.  It  ia  saU  I 
I  fliat  both  TB;a  are  polariied  in  opposite  directiona.  With  a  rhomb  of  trani-  I 
I  pkrent  Iceland  spar  of  tolerabl;  large  dimensions  the  tvo  oppositelj-polariud  I 
~  njB  ma;  be  widely  separated  and  examined  apart. 

There  is  jet  another  meihod  of  polBriinlion,  by  the  emplojment  o:  , 

of  (he  mlDeral  tonnnnlme  cut  parallel  to  the  axis  of  the  cr;Htal.     Thia  boi/M 
polarizeB  b;  simple  traDamission,  (he  ray  falling  perpendicular  tc  ' —     '  ---^ 


K  part  of  tbe  light  is  absorbed,  and  the  remainder  modiSed  in  the  mi 
described.  When  two  suih  pistes  are  held  with  their  ajis  parallell  as  i. 
66,  light  triLTerses  them  both  froel;;  but  when  ono  of  them  is  turned  ronntl' 
In  the  manner  Ehovn  in  the  second  cut,  so  as  to  make  the  axis  crass  at  right, 
ftngles,  tbe  light  is  utmo^l  wholly  slopped,  if  the  loarmaliDes  be  good.  A 
plate  of  the  mineral  thus  becomes  an  eioellent  test  for  discriminating  between 
poUiiied  light  nod  thut  which  has  not  undergone  tbe  chunge. 

Some  of  the  most  splendid  phenomena  of  the  science  of  light  are  eihibitel, 
irben  thin  plates  of  double-refracting  substances  are  interposed  between  tbi; 
Jiolariiing  arrangement  and  the  analyzer. 

Instead  of  the  tourmaline  plate,  wbich  is  alwaja  colored,  frequent  n 
made  of  two  Nichol's  prisms,  or  conjoined  priams  of  carbonate  of  lime,  ir 
In  consequence  of  a  peculiar  culling  and  combination,  possess  the  propartjl^ 
of  allowing  only  one  of  the  opposilely-polnriied  rays  to  pass.  If  the  tm; 
Nichol's  prisms  are  placed  one  behind  the  other  in  precisely  similar  posltionlbL 
the  light  polarized  by  tbe  one  goes  through  the  other  unaltered.  But  whea 
one  prism  is  slightly  turned  round  in  its  setting,  a  cloudiness  ia  produood,.] 
uid  by  continuing  to  turn  the  prism  this  iccreases  until  perfect  darkneta 
rasues.  Thia  happens,  as  with  tbe  tourmaline  plates,  when  the  two  prisma^ 
CTOSB  one  another.  The  phenomenon  is  the  same  with  colorless  as  "* 
oolored  tight 

Supposing  that  pohiriied  light,  colored,  for  eiample,  by  going  through  ^ 
plate  of  red  glass,  passed  through  the  first  Nichol's  prism,  and  was  attogethwi 
Dbstructed,  in  consequence  of  the  position  of  the  second  prism,  then,  fli 
between  the  two  priams  a  plate  of  rook-crystal,  formed  by  a  section  ftt  tigU^ 
angles  to  the  principal  axis  of  the  crystal,  is  inlerposed,  the  light  ^olniiaA) 
by  tbe  first  prism  by  passing  through  (he  plate  of  quarti  is  enabled  partial^ 
lo  pass  through  the  second  Nichol's  prism.  Its  passage  through  the  si 
prism  can  then  again  be  interrupted  by  turning  the  second  prism  round 
oertain  exlent.  The  rotation  reijuired  varies  with  the  thickness  of  the  plata 
af  rook-crystal,  and  also  with  the  color  of  tbe  light  thai  is  employed.  It  in 
creases  from  red  in  the  following  order — yellow,  green,  blue,  Tiolet. 

IhiS  property  of  rook-crystal  was  discovered  by  Arago.     The  kind  of  pal» 
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riMtaon  has  l)een  galled  eirenlar  polarixHtion.  The  direotlon  of  the  rctatioa 
is  iritb  many  pistes  IJunLcds  the  right  h^ind ;  ia  olhsr  plates  it  is  tovards  the 
l«ft.  The  one  glass  »  said  to  possess  right-handed  polarization;  the  other 
claaa  lofl-handed  polariialion.  At  present  onl;  yerj  fow  other  Dr;ata,1liae 
campDiindB  are  known  to  poasesa  the  property  of  circular  polarization  erenia 
a  slight  degree;  among  these  nre  ohlorate  and  bromate  of  Boda. 

Biot  obserrcil  that  many  sotadons  of  organic  substances  exhibit  the  property 
of  circular  polarization,  though  to  a  far  le93  extent  than  rock-orjstat.  Thaa, 
■olatLODS  of  cane-sugar,  glncorie,  iLiid  tartaric  acid^  possess  right-handed  pola- 
Tuation;  whilst  albumen,  ancrystallizable  sugar,  and  oil  of  turpentine  are 
left-handed.  In  all  these  saluUons  the  amount  of  circular  polarization  in- 
erenseB  nith  the  concentration  of  the  Quid  and  the  thickness  of  the  column 
of  liquid  through  which  the  light  passes.  Hence  circular  polariialion  ia  an 
important  auxiliary  in  chemical  analysis.  In  order  to  determine  the  amount 
of  polarixaHoD  which  an;  fluid  exhibits,  the  liquid  ia  pat  into  a  glass  tube 
not  less  than  from  ten  to  twelve  inches  long,  which  is  closed  with  glass  plates. 
This  is  (hen  placed  between  the  two  Nichol's  prisms,  which  haie  previously 
been  so  arranged  with  regard  to  each  other  that  no  light  conld  pass  through. 
An  apparatus  of  this  descriplion,  the  saccharometflr,  is  chiefly  used  for  de- 
termining the  coocentration  of  solutions  of  cane-sugar. 

The  form  of  ibis  instrument  may  be  seen  tn  the  fig.  S7.  The  two  Niohat's 
prisma  am  enolosed  in  the  oorresponding  fastenings  a  and  b.     Between  the 


Vfliere  la  a  space  to  reoelve  the  tube  which  ia  filled  with  the  eolation  of 
ngBr.  If  the  prisms  are  creased  in  tbe  way  mentioned  sbove  before  tha 
tabs  ia  put  is  its  plaoe,  that  is,  if  they  are  plaaed  so  that  bo  light  q«mm 
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Ibem,  b;  the  action  of  the  solutloa  of  sugar  Ui«  ligbt  U  en&blcd  to  pMS, 
th*  Kicbol's  priBin,  for  insUnce,  a,  miut  he  lumed  through  a  airtuD  taff» 
before  lh«  light  ia  &gMQ  peiTectl;  slopped.  Tbe  mngnltuJe  uf  thitt  itngU  il 
obBBrred  an  tb«  circular  diali  (  j,  whiah  ii  diridad  into  degreaa,  and  apna 
vhich,  h;  the  lurniDg  of  the  prism,  an  indvi  ( ia  moted  along  tbe  diTJeian. 
When  the  tube  it  ei&ctlj  Ion  iuchea  loog,  end  U  ctoeed  at  bulh  eiida  by  Bsl 
gltsB  plate;,  and  Hhen  it  ia  filled  with  solution  coutaJniiig  ton  pur  oent.  b^ 
Height  of  caDC-sugur,  and  free  from  anj  other  substance  poBaeEiung  an  Mtton 
on  ligbt,  the  angle  of  rotation  is  13-35.  Since  the  magnitude  of  this  anglt 
Btanda  in  direct  relation  lo  the  length  of  the  colunui  of  fiiiid  and  altw  t«  if' 
qoantit;  of  augur  to  solution,  it  is  clear  that  the  quantiiy  of  eugar  in  ai . 
given  solution,  irhen  the  length  of  the  column  of  fluid  is  I  inches,  aod  Ibt 

HDgle  of  rotation  ia  a  degrees,  can  be  determined  b;  the  eqnatioDS  =l  .  „„^ 

This  prooeaa  is  not  sufficieaC  when  the  solution  eoDlsins  onne-EugBT  and  oi 
crystal liiable  BQgar,  far  the  latter  rotntea  the  ray  lo  the  left ;  then  only  tb*L. 
difference  of  tbe  two  acticiDS  ia  obtained.  But  if  the  whole  quantity  of  hu  " 
1)e  changed  into  oncryatallizable  sugar,  and  the  experiment  be  repeated,  fl 
tbe  results  of  the  two  observations  the  quantity  of  both  kinds  of  augnr  out' 
easily  be  calculated.  It  is  difficult  lo  find  eiactl;  that  position  of  tbe  Nichori. 
prisma  in  which  the  greatest  darkness  prevails.  To  make  the  measuremeDW 
more  exact  and  easy,  Soleil  has  made  some  additions  to  the  apparatua.  At 
g  before  the  prism  b,  a  plate  of  rock-crystal  cut  at  right  angles  to  the  atin  it, 
placed.  It  ia  divided  In  the  centre  of  the  field  of  vision,  half  oonaiHting  of 
qnarti,  rotating  to  the  right  band,  and  hnlf  of  the  variety  that  rotates  to  Iht  ] 
left;  it  is  0148  inch  (3-75  millimetre)  thick;  thia  thickness  being  found  bf^ 
experiment  to  produse  the  greatest  difference  in  the  oulur  uf  the  two  balve^" 
when  one  prism  ii  slightly  rotated.  The  solution  of  sugar  has  precisely  tiii 
■ame  action  as  the  rotation,  since  it  increaueH  tbe  action  of  the  half  wbiok  i 
rotates  to  the  left.  Hence  the  two  halves  will  assumB  a  different  color  whM 
the  smalleat  quuutity  uf  sugar  is  present  in  the  fluid.  By  slightly  luiDiag. 
tbe  Nichol's  priam  a,  this  difference  can  be  again  removed.  Boleil  has  iotro-J 
daoed  another  more  delicate  means  of  effecting  this  at  the  part  /,  which  hr 
ealla  the  compensator.     The  most  important  parts  of  this  are  eeparately  >«• 

E-esented  in  fig.  57.  It  couaists  of  two  exactly  equal  right-angled  prisma,  at' 
ft-handed  quartz,  whose  aurfaces,  c'  and  e,  are  cut  perpendicitlar  to  thf' 
optio  axis.  These  prisms  can,  by  means  of  the  screw  v  and  a  rack  and  pieioi^ 
he  made  to  slide  on  one  another,  so  that,  when  taken  together,  they  torn  I 
plate  of  varying  thickness,  bounded  by  parallel  aurfaces.  One  of  the  RvmM 
has  a  scale  2,  the  other  a  vernier  ii.  When  this  points  to  lero  of  the  ICIila 
the  optical  action  of  the  two  prisma  is  exactly  cumpcnsaled  by  a  rigbt-bandei 
plate  of  rock-cryalal,  ac  that  an  effect  is  obtained  as  regards  circular  polarit 
lation,  as  if  the  whole  system  were  not  present.  As  soon,  however,  as  tb^ 
screw  is  moved,  and  thus  the  thickness  of  the  plate  formed  by  the  two  priB(M 
is  changed,  we  will  suppose  it  increased,  then  a  left-handed  notion  ensHt 
which  mast  be  properly  regulated,  ualil  it  cumpenaatea  the  oppoaito  actiua 
of  a  solution  of  sugar.  Thus  a  convenient  method  is  obtained  of  rendering! 
the  color  of  the  double  plate  uniform,  when  il  has  ceased  to  be  bo  in 
qnence  of  tbe  action  of  a  Bolution  of  sugar. 

Faraday  has  made  the  remarkable  discovery  that  if  a  very  atrong  electiif 
CDirent  ia  passed  round  a  substance  which  possesseB  tbe  property  of  cinsutar 
potariiadon,  the  amount  of  rotation  is  altered  to  a  considerable  degree. 

The  luntinoua  rays  of  the  sun  are  accompanied,  as  already  mentioned,  bf 
others  which  posscBs  beating  powers.  If  tl  e  temperature  of  the  different-' 
colored  spaces  in  the  spectrutn  be  tried  with  a  delicate  thermometer,  i^  ' 
be  found  to  increase  from  the  violet  t«  the  red  extremity,  and  when  the  ] 
Il  ef  lome  particular  kinds  of  glass,  the  greatest  effect  will  be  mauifeit  a 
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beyond  the  visible  red  ray.  It  is  inferred  from  this  that  the  chief  mass  of 
the  heating  rays  of  the  sun  are  among  the  least  refrangible  components  of 
the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  both  of  combination 
and  of  decomposition,  but  more  particularly  the  latter,  could  be  effected  by 
the  action  of  light.  Chlorine  and  hydrogen  combine  at  common  temperatures 
only  under  the  influence  of  light,  and  parallel  cases  occur  in  great  numbers 
in  organic  chemistry :  the  blackening  and  decomposition  of  salts  of  silver  are 
familiar  instances  of  the  chemical  powers  of  the  same  agent.  Now  it  is  not 
always  the  luminous  part  of  the  ray  which  effects  these  changes ;  they  are 
chiefly  produced  by  certain  invisible  rays,  accompanying  the  others,  and 
which  are  found  most  abundantly  beyond  the  violet  part  of  the  spectrum.  It 
is  there  that  certain  chemical  effects  are  most  marked,  although  the  intensity 
of  the  light  is  exceedingly  feeble.  From  the  fact  that  some  salts  of  silver  are 
less  readily  decomposed  bjr  the  luminous — ^yellow,  orange,  and  red  rays — than 
by  certain  rays  which  extend  beyond  the  ordinary  visible  spectrum,  it  has 
been  concluded  that  there  exists  in  the  sunbeam,  in  addition  to  heat  and 
light,  a  principle  having  a  distinct  action,  to  which  the  provisional  term  acti- 
niitn  has  been  given  —  from  dKriv,  a  ray.  The  actinic  rays  are  thus  directly 
opposed  to  the  heating  rays  in  the  common  spectrum  in  their  degree  of  re- 
frangibility,  since  they  exceed  all  the  others  in  this  respect.  The  luminous 
rays,  too,  under  peculiar  conditions,  exert  decomposing  powers  upon  salts  of 
silver.  The  result  of  the  action  of  any  ray  depends,  moreover,  greatly  on 
the  physical  state  of  the  surface  upon  which  it  falls,  and  on  the  chemical 
constitution  of  the  body ;  indeed,  for  every  kind  of  rays  a  substance  may  be 
found  which  under  particular  circumstances  will  affect  it,  and  thus  it  appears 
that  the  chemical  functions  are  by  no  means  confined  to  any  set  of  rays  to  the 
exclusion  of  the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of  photo- 
graphy.  In  the  year  1802,^  Mr.  Thomas  Wedgwood  purposed  a  method  of 
copying  paintings  on  glass  by  placing  behind  them  white  paper  or  leather 
moistened  with  a  solution  of  nitrate  of  silver,  which  became  decomposed  and 
blackened  by  the  transmitted  light  in  proportion  to  the  intensity  of  the  latter ; 
and  Davy,  in  repeating  these  experiments,  found  that  he  could  thus  obtain 
tolerably  accurate  representations  of  objects  of  a  texture  partly  opaque  and 
partly  transparent)  such  as  leaves  and  the  wings  of  insects,  and  even  copy 
with  a  certain  degree  of  success  the  images  of  small  objects  obtained  by  the 
solar  microscope.  These  pictures,  however,  required  to  be  kept  in  the  dark, 
and  could  only  be  examined  by  candle-light,  otherwise  they  became  obliterated 
by  the  blackening  of  the  whole  surface  from  which  the  salt  of  silver  could  not 
be  removed^  These  attempts  at  light-painting  attracted  but  little  notice  till 
the  publication  of  Mr.  Fox  Talbot's^  papers,  read  before  the  Royal  Society, 
in  January  and  February,  1839,  in  which  he  detailed  two  methods  of  fixing 
the  pictures  produced  by  the  action  of  light  on  paper  impregnated  with  chlo- 
ride of  silver,  and  at  the  same  time  described  a  plan  by  which  the  sensibility 
of  the  .prepared  paper  may  be  increased  to  the  extent  required  for  receiving 
impressions  from  the  images  of  the  camera  obscura.  - 

Very  shortly  afterwards.  Sir  John  Herschel'  proposed  to  employ  solutions 
of  the  alkaline  hyposulphites  for  removing  the  excess  of  chloride  of  silver  from 
the  paper,  and  thus  preventing  the  farther  action  of  light ;  and  this  plan  has 
been  found  exceedingly  successful.  The  greatest  improvement,  however, 
which  the  curious  art  of  photogenic  drawing  has  received,  is  due  to  Mr.  Tal- 
bot,* who,  in  a  communication  to  the  Royal  Society,  described  a  method  by 

■  Joornsl  of  the  Royal  Institation,  i.  170.  •  Phil.  Mag.,  March,  1839. 

•  phiL  Trans,  for  1840,  p.  1.  «  Phil.  Mas.,  Aagast,  1841. 
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vhich  pap«i  at  such  senalbilit;  coald  be  prepared  ks  to  permit  lis  tppliM 
tothptakiagorportrniCsofUiingpcrBonabj  Ihe  nid  of  a  good  oamerri  obsanr 
the  time  required  for  a  perTect  inipresaion  seldom  eieeeding  a  few  w 
The  general  pliin  at  present  in  use  ie  the  following:— 

Writing-paper  of  good  qnality  ia  waahed  on  one  Bide  with  B  solntion  of  thiri 
graina  of  iiitrat«  of  HiWer  in  an  ounce  of  ilialilled  water,  and  then  left  to  ' 
flpont«neouBl;  in  n  darli  room;  when  dry,  it  ia  immcreod  for  frotn  fire  tc 
minutes  in  a  goiutlon  of  one  ounce  of  iodide  of  poteseium  in  tweo^  ounoc 
water.  The  paper  ia  then  aoalted  in  water  for  biilf  an  bour.  obanging  tlu 
water  tbree  or  foar  times  to  remoTB  tbe  excess  of  iodide  of  potassiDm,  and  il 
then  dried.  Theae  operations  should  be  performed  b;  candle-light.  When 
required  for  ose,  the  paper,  thus  coated  with  ;elIow  iodide  of  silver,  is  braahed 
over  with  a  solution  made  by  adding  together  one  part  of  a  solntion  of  nitraU 
of  silTer,  6tty  grains,  to  an  onnce  of  water :  two  parts  glacial  acetic  ami,  and 
three  parts  of  a  saturat«il  solution  of  gallie  acid ;  after  a  few  scoonda  the 
excess  is  reniOTed  b;  blol ting-paper.  This,  whicb  is  called  Talholypa  or  Coto- 
type  paper,  ia  now  ready  for  use  ;  exposure  to  diffused  daylight  for  one  second 
ButGces  to  make  an  imprcaaion  upon  it,  and  even  the  light  of  the  moon  pro- 
duaes  the  same  effeot,  although  a  mnch  longer  time  is  required.  Forlnn^ 
scapes  and  fixed  objects,  and  when  the  paper  is  required  to  be  prepared  long 
beforehand,  tbe  above  mixture  of  •'  galbi-nilrati"  should  be  diluted  with  trtm 
twenty  to  fifty  volumes  of  water,  sinoe,  espeoiully  ia  hot  weather,  without  tU(<_ 
precaution  the  paper  blacltena  Bponlaneoualy. 

The  images  of  tbe  camera  obscura  are  at  first  invisible,  but  a 
appear  in  full  inCeasitj,  by  once  more  washing  the  paper  with  a  mizlnra  d 
one  part  of  the  wiver  solntion  (fifty  grains  to  an  onnce  of  water)  and  II 
parts  of  the  saturated  solution  of  gallic  acid.     The  deielopmcn'    *  "     ' 
Boon  oommencM,  and  should  reach  its  maiitnnm  in  a  few  miou 

The  picture  is  of  course  ntgatitt,  the  tights  and  shadows  being  reversed;) 
obtain  patUivt  copies  nothing  more  is  noce^sr;  than  to  place  a  piece  of    ' ' 
tograpbio  paper  prepared  with  chloride  of  silver,  or  a  piece  of  talbotype  pi 
beneath  the  negative  eover.  to  press  tbe  two  papers  in  contaat  by  meai 
glass,  and  to  expose  the  whole  to  the  light  of  the  Bun  for  a  short  t 
lonpor  to  diffused  daylight. 

Before  thia  can  be  done,  the  negative  must,  however,  be  Eied,  otherwiae  it 
will  blacken :  this  is  done  temporarily  by  washing  with  a  solution  of  bromide 
of  potassium,  ten  grains  in  an  ounce  of  water,  and  then  rinsing  in  common 
water.  The  ultimate  fixing  ia  effected  by  immersion  in  a  solntion  of  one  part 
of  hyposulphite  of  soda,  iu  from  four  to  ten  parts  of  water:  the  weaker  soln- 
tion should  be  used  bot.  about  180°  (S:;"  22C),  and  the  immotsion  continued 
nnm  the  yellow  tint  arising  from  the  undecomposed  iodide  disappears :  finally, 
rgiealedly  vnuhing  in  hot  water,  drying,  and  Balnrating  with  wliite  wax  temu- 
nates  the  process. 

Tbe  positives  are  also  fixed  by  hyposulphite  of  aoda,  by  cyanide  of  potu- 
lium,  or  by  ommoni^ ;  ail  of  which  act  by  removing  tbe  nndecoiaposed  chlo- 
ride of  silver.  The  conservation  of  the  positive  is  a  point  of  diffieuttjr  Ur- 
Malone  recommends  immersion  in  a  strong  solution  of  oauslio  potossa,  healed 
to  about  180°  (82°'22C};  a  change  of  tint  ensues,  and  greater  pennanenoa  I* 
Mqnired.  After  removal  of  the  alkali  and  say  sulphur  and  chlorine  cott- 
pounds  present,  tbe  picture  shonld  be  sized  and  hot-pressed,  or  vamiabed, 
keeping  tbe  flnisbed  proof  most  carefully  excluded  from  sulphuretted  vapor*. 

Sir  John  Rerschel  has  shown  that  a  great  number  of  other  mibstances  can 
be  employed  in  these  photcgraphio  processes  by  taking  advantage  of  the  sin- 
gular dsoiidiiing  effeole  of  certain  portions  of  the  aolar  rays.     Paper  washed 
^Ih  a  solution  of  a  salt  of  sesquioxide  of  iron  becomes  capable  of  receiving 
of  IliiB  kind,  which  may  afterwords  be  made  oTideut  by  fenicyv 


LIGHT.  93 

Hide  of  potassium,  or  terchloride  of  gold.  Vegetable  colors  are  also  acted 
upon  in  a  very  ourious  an^  apparently  definite  manner  by  the  different  parts 
of  the  spectrum.  1  * 

The  daguerreotype,  the  announcement  of  which  was  first  made  in  the  sum^ 
mer  of  1839,  by  M.  Daguerre,  who  had  been  occupied  with  this  subject  fiom 
1826,  if  not  earlier,  is  another  remarkable  instance  of  the  decomposing  effects 
of  the  solar  rays.  A  clean  and  highly-polished  plate  of  siWered  copper  is  ex- 
posed  for  a  certain  period  to  the  yapor  of  iodine,  and  then  transported  to  the 
camera  obsoura.  In  the  most  improved  state  of  the  process,  a  very  short  time 
suffices  for  effecting  the  necessary  change  in  the  film  of  iodide  of  silver.  The 
picture,  however,  only  becomes  visible  by  exposing  it  to  the  vapor  of  mercury, 
which  attaches  itself,  in  the  form  of  exceedingly-minute  globules,  to  those  parts 
which  have  been  most  acted  upon,  that  is  to  say,  to  the  lights,  the  shadows 
being  formed  by  the  dark  polish  of  the  metallic  plate.  Lastly,  the  drawing 
is  washed  with  a  solution  of  hyposulphite  of  soda  to  remove  the  undecomposed 
iodide  of  silver,  and  render  it  permanent. 

The  images  of  objects  thus  produced  bear  the  most  minute  examination  with 
a  magnifying-glass,  the  smallest  details  being  depicted  with  perfect  fidelity. 

Great  improvements  have  been  necessarily  made  in  the  application  of  this 
beautiful  art  to  taking  portraits.  By  the  joint  use  of  bromine  and  iodine  the 
plates  are  rendered  far  more  sensitive,  and  the  time  of  sitting  is  shortened  to 
a  very  few  seconds.  When  the  operation  is  completed,  the  color  of  the  plate 
is  much  improved  by  the  deposition  of  an  exceedingly  thin  film  of  gold,  which 
communicates  a  warm  purplish  tint,  and  removes  the  previous  dull  leaden-grey 
hue,  to  most  persons  very  offensive. 

The  difficulty  of  obtaining  good  paper  for  the  talbotype  has  led  to  the  inven- 
tion of  various  substitutes :  albumen  on  glass  and  collodion  are  used  with  suc- 
cess ;  a  soluble  iodide,  or  some  analogous  salt,  is  mixed  with  either  liquid, 
and  applied  to  a  glass  or  porcelain  plate,  dried,  and  immersed  in  a  solution  of 
nitrate  of  silver ;  thus  a  sensitive  coating  is  formed  upon  which  the  images  of 
the  camera  or  microscope  are  thrown,  and  developed  by  subsequent  treatment 
with  deoxidizing  agents-— either  pyro-gallic  acid,  gallic  acid,  or  a  salt  of  prot- 
oxide of  iron  may  be  used.  The  fixing  is  accomplished  by  hyposulphite  of 
soda.  The  result  is  either  negative  or  positive  at  the  wiU  of  the  operator. 
The  proofs  on  porcelain  or  glass  may  be  burned  in,  and  perhaps  thus  rendered 
indestructible  by  time. 

Etching  and  lithographic  processes,  by  combined  chemical  and  photographic 
agency,  promise  to  be  of  considerable  utility.  The  earliest  is  that  of  Niepce : 
he  applied  a  bituminous  coating  to  a  metal  plate,  upon  which  an  engraving 
was  superimposed.  The  light  being  thus  partially  interrupted  acted  une- 
qually upon  the  varnish ;  a  liquid  hydro-carbon  petroleum  used  as  a  solvent 
removed  the  bitumen  wherever  the  light  had  not  acted ;  an  engraving  acid 
could  now  bite  the  unprotected  metal,  which  could  eventually  be  printed  from 
in  the  usual  way.  Dr.  Donn^  and  Dr.  Berres,  by  submitting  the  daguerreo- 
type to  the  action  of  nitric  acid  and  its  vapor,  obtained  etchings  from  which 
proofs  could  be  taken.  Mr.  Grove,  by  using  chlorine  evolved  by  voltaic 
agency,  succeeded  in  obtaining  a  more  manageable  process ;  and  very  suc- 
ces.sful  results  have  been  obtained  by  M.  Fizeau :  he  submits  the  daguerreo- 
type to  the  action  of  a  mixture  of  dilute  nitric  acid,  common  salt  and  nitrate 
of  potassa,  the  silver  only  is  attacked,  the  mercurialized  portion  of  the  image 
resisting  ^e  acid,  and  an  etching  is  obtained  following  minutely  the  lights 
and  shadows  of  the  picture.  To  deepen  this  etching,  the  chloride  of  silver 
formed  is  removed  by  anunonia,  the  plate  is  boiled  in  caustic  potassa  and  again 
treated  with  acid,  and  so  on  till  the  etching  is  of  sufficient  depth.     In  extreme 

>  Phil.  Trans.,  1842,  p.  L 
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eases  eleotro-giMing  is  resorted  to,  and  an  engraTing  acid  used  to  get  still 
more  powerful  impressions.  % 

Among  the  latest  results  are  those  obtained  by  Mr.  Talbot  on  steel  plates; 
he  uses  a  mixture  of  bichromate  of  potassa  and  gelatine,  which  hardens  l^ 
exposure  to  the  light ;  the  parts  not  sifected  are  removed  by  washing;  Iriehlp 
ride  of  platinum  is  used  as  an  etching  liquid,  it  has  the  adrantage  of  biting 
with  greater  regularity  than  nitric  acid. 

The  bitumen  process  of  M.  Niepce  has  been  applied  to  lithographic  stone; 
and  positives  obtained  from  negative  talbotypes  have  been  printed  off  by  a 
modification  of  the  ordinary  lithographic  process.  M.  Niepce  finds  that  ether 
dissolves  the  altered  bitumen,  while  coal-tar  naphtha,  or  beniol,  attadoi  ligr 
preference  tb/  bitumen  in  its  normal  condition. 


RADIATION   OF    HEAT.  9ft 


BADIATION,  REFLECTION,  ABSORPTION,  AND  TRANSMISSION  OF 

HEAT. 

BADIATION   OF   HEAT. 

If  a  red-hot  ball  be  placed  upon  a  metallic  support,  and  left  to  itself, 
eooling  immediately  commences,  and  only  stops  when  the  temperature  of  the 
ball  is  reduced  to  that  of  the  surrounding  air.  This  effect  takes  place  in 
three  ways :  heat  is  conducted  away  from  the  ball  through  the  substance  of 
the  support ;  another  portion  is  removed  by  the  convective  power  of  the  air ; 
and  the  residue  is  thrown  off  from  the  heated  body  in  straight  lines  or  rays, 
which  pass  through  air  without  interruption,  and  become  absorbed  by  Uie 
surfaces  of  neighboring  objects  which  happen  to  be  presented  to  their  impact. 

This  radiant  or  radiated  heat  resembles,  in  very  many  respects,  ordinary 
light;  it  suffers  reflection  from  polished  surfaces  according  to  the  same  law; 
it  is  by  dull  and  rough  surfaces  partly  reflected,  partly  absorbed ;  it  moves 
with  extreme  velocity;  and,  finally,  it  traverses  certain  transparent  media, 
undergoing  refraction  at  the  same  time,  in  obedience  to  the  laws  which 
regulate  that  phenomenon  in  optics. 

The  fact  of  the  reflection  of  heat  may  be  very  easily  proved.  If  a  person 
stand  before  a  fire  in  such  a  position  that  his  face  may  be  screened  by  the 
mantel-shelf,  and  if  he  then  take  a  bright  piece  of  metal,  as  a  sheet  of  tinned 
plate,  and  hold  it  in  such  a  manner  that  the  fire  may  be  seen  by  reflection, 
at  the  same  moment  a  distinct  sensation  of  heat  will  be  felt. 

The  apparatus  best  fitted  for  studying  these  facts  consists  of  a  pair  of 
concave  metallic  mirrors  of  the  form  called  parabolic. 
The  parabola  is  a  curve  possessing  very  peculiar  proper-  Fig.  58. 

ties,  one  of  the  most  prominent  being  the  following :  —  A 
tangent  drawn  to  any  part  of  the  curve  makes  equal 
angles  with  two  lines,  one  of  which  proceeds  from  the 
point  where  the  tangent  touches  the  curve  in  a  direction 
parallel  to  what  is  called  the  axis  of  the  parabola,  and 
the  other  from  the  same  spot  through  a  point  in  front  of 
the  curve  called  the  focus.  It  results  from  this  that 
parallel  rays,  either  of  light  or  heat,  falling  upon  a  mirror 
of  this  particular  curvature  in  a  direction  parallel  to  the 
axis  of  the  parabola,  will  be  all  reflected  to  a  single  point 
at  the  focus;  and  rays  diverging  from  this  focus,  and 
impinging  upon  the  mirror  will,  after  reflection,  become 
parallel  (fig.  68). 

If  two  such  mirrors  be  placed  opposite  to  each  other 
tkt  a  considerable  distance,  and  so  adjusted  that  their  axes  shall  be  coincident, 
and  a  hot  body  placed  in  the  focus  of  the  one.  while  a  thermometer  occupies 
that  of  the  other,  the  reflection  of  the  rays  of  heat  will  become  manifest  by 
their  effect  upon  the  instrument.  In  this  manner,  with  a  pair  of  by  no  meania 
fer^  perfect  mirrors,  18  inches  in  diameter,  separated  \>y  axv  \n\«r^«X  ^t  ^ 
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feet  or  more,  amadou  or  gunpowder  may  be  readily  fired  by  a.  red-hot  ImSL  la 
the  focus  of  the  opposite  mirror  (fig.  69). 

Fig.  69. 


The  power  of  radiation  yaries  exceedingly  with  different  bodies,  as  may  bo 
easily  proyed.  If  two  similar  yessels  of  equal  capacity  be  constructed  of  thin 
metal,  and  the  surface  of  one  be  highly  polished,  while  that  of  the  other  is 
coyered  with  lamp-black,  and  both  filled  with  hot  water  of  the  same  tempera* 
ture,  and  their  rate  of  cooling  obseryed  from  time  to  time  with  a  thermometer, 
it  will  be  constantly  found  that  the  blackened  yessel  loses  heat  much  UaUt 
than  the  one  with  bright  surfaces ;  and  since  both  are  put  on  a  footing  of 
equality^in  other  respects,  this  difference,  which  will  often  amount  to  many 
degrees,  must  be  ascribed  to  the  superior  emissiye  power  of  the  film  of  soot 

By  another  arrangement,  a  numerical  comparison  can  be  made  of  these 
differences.  A  cubical  metallic  yessel  is  prepared,  each  of  whose  sides  is  in  a 
different  condition,  one  being  polished,  another  rough,  a  third  coyered  with 
lampblack,  &c.  The  yessel  is  filled  with  water,  kept  constantly  at  212* 
(lOO^^C)  by  a  small  steam-pipe.  Each  of  its  sides  is  then  presented  in  sncees- 
sion  to  a  good  parabolic  mirror,  haying  in  its  focus  one  of  the  bulbs  of  the 
differential  thermometer  before  described  (fig.  23),  the  bulb  itself  bdng 
blackened.  The  effect  produced  on  this  instrument  is  taken  as  a  measure  of 
the  comparatiye  radiating  powers  of  the  different  surfaces.  The  late  Sir  John 
Leslie  obtained  by  this  method  of  experiment  the  following  results :  — 


Bmissiye  power. 

Xmissiye  poww. 

Lampblack 

.     100 

Tarnished  lead  . 

.    46 

Writing-paper . 

.       98 

Clean  lead 

.    l«i 

Glass 

.       90 

Polished  iron    . 

.    16 

Graphite . 

.       76 

Polished  silyer  . 

.    12 

The  best  reflecting  surfaces  are  always  the  worst  radiators ;  polished  metal 
reflects  nearly  all  the  heat  that  falls  upon  it,  while  its  radiating  power  is  the 
feeblest  of  any  substance  tried,  and  lampblack,  which  reflects  nothing,  radiates 
most  perfectly. 

The  power  of  absorbing  heat  is  in  direct  proportion  to  the  power  of  emissioB. 
The  polished  metal  mirror,  in  the  experiment  with  the  red-hot  ball,  remains 
quite  cold,  although  only  a  few  inches  from  the  latter ;  or,  again,  if  a  piece 
of  gold  leaf  be  laid  upon  paper,  and  a  heated  iron  held  oyer  it  untU  the  paper 

*  The  supposed  influence  of  mere  difference  of  surface  has  been  called  in  question,  by  M- 
Melloni.  who  attributes  to  other  cauiies  the  effects  observed  by  Sir  John  Leslie  and  oueif^ 
among  which  superficial  oxidation  and  differences  of  physical  condition  with  respect  to  banl> 
De88  and  density,  are  among  the  most  important.  With  metals  not  sutiject  to  tamiilh, 
scratching  the  surface  increases  the  emissive  power  when  the  plates  have  been  rolled  or  haiDf 
mered,  t.  e.,  are  in  a  compressed  state,  and  diminishes  it,  on  the  contrary,  when  the  metal  has 
been  cast  and  carefully  polished  without  burnishing.  In  the  case  of  ivory,  marble,  and  Jflit 
where  compression  cannot  take  place,  no  difference  is  perceptible  in  *ho  radiating  |K>wef  f>f 
pojiebed  and  rough  sorfaoes.  —  Ann.  Cbim.  et  Phys.,  lsj(.  43^, 
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is  completelj  scorched,  it  "will  be  found  that  the  film  of  metal  has  perfectly 
defended  that  portion  beneath  it. 

The  faculty  of  absorption  seems  to  be  a  good  deal  influenced  by  color.  Dr. 
Franklin  found  that  when  pieces  of  cloth  of  various  colors  were  placed  on 
snow  exposed  to  the  feeble  sunshine  of  winter,  the  snow  beneath  became 
equally  melted,  the  effect  being  always  in  proportion  to  the  depth  of  the  color ; 
and  Dr.  Stark  has  since  obtained  a  similar  result  by  a  different  method  of 
experimenting.  According  to  the  late  researches  of  Melloni,  this  effect 
depends  less  on  the  color  than  on  the  nature  of  the  coloring  matter,  which 
eovers  the  surface  of  the  cloth. 

These  facts  afford  an  explanation  of  two  very  interesting  ahd  important 
natural  phenomena,  namely,  the  origin  of  dew,  and  the  cause  of  the  land  and 
sea  breezes  of  tropical  countries.  While  the  sun  remains  above  the  horizon, 
the  heat  ritdiated  by  the  surface  of  the  earth  into  space  is  compensated  by  the 
absorption  of  the  solar  beams ;  but  when  the  sun  sets,  and  the  supply  ceases, 
while  the  emission  of  heat  goes  on  as  actively  as  before,  the  surface  becomes 
cooled  until  its  temperature  sinks  below  that  of  the  air.  The  air  in  contact 
with  the  earth  of  course  participates  in  this  reduction  of  temperature;  the 
aqueous  vapor  present  speedily  reaches  its  point  of  maximum  density,  and 
then  begins  to  deposit  moisture,  whose  quantity  will  depend  upon  the  propor- 
tion of  vapor  in  the  atmosphere,  and  on  the  extent  to  which  the  cooling 
process  has  been  carried. 

It  is  observed  that  dew  is  most  abundant  in  a  clear  calm  night,  succeeding 
a  hot  day:  under  these  circumstances  the  quantity  of  vapor  in  the  air  is 
usually  very  great,  and  at  the  same  time  radiation  proceeds  with  most  facility. 
At  such  times  a  thermometer  laid  on  the  ground  will,  after  some  time,  indicate 
a  temperature  of  10«>  (6«-6C),  16°  (8o-3C),  or  even  20°  (llo-lC)  below  that 
of  the  air  a  few  feet  higher.  Clouds  hinder  the  formation  of  dew,  by  reflect- 
ing back  to  the  earth  the  heat  radiated  from  its  surface,  and  thus  preventing 
the  necessary  reduction  of  temperature ;  and  the  same  effect  is  produced  by 
a  screen  of  the  thinnest  material  stretched  at  a  little  height  above  the  ground. 
In  this  manner  gardeners  often  preserve  delicate  plants  from  destruction  by 
the  frosts  of  spring  and  autumn.  The  piercing  cold  felt  just  before  and  at 
sunrise,  even  in  the  height  of  summer,  is  the  consequence  of  this  refrigeration 
having  reached  its  maximum. 

Wind  also  effectually  prevents  the  deposition  of  dew,  by  constantly  renewing 
the  air  lying  upon  the  earth  before  it  has  had  its  temperature  sufficiently 
reduced  to  cause  condensation  of  moisture. 

Many  curious  experiments  may  be  made  by  exposing  on  the  ground  at 
night  bodies  which  differ  in  their  powers  of  radiation.  If  a  piece  of  black 
cloth  and  a  plate  of  bright  metal  be  thus  treated,  the  former  will  be  often 
found  in  the  morning  covered  with  dew,  while  the  latter  remains  dry. 

Land  and  sea  breezes  are  certain  periodical  winds  common  to  most  sea- 
coasts  within  the  tropics,  but  by  no  means  confined  to  those  regions.  It  is 
observed,  that  a  few  hours  after  sunrise  a  breeze  springs  up  at  sea,  and  blows 
directly  on  shore,  and  that  its  intensity  increases  as  the  day  advances,  and 
declines  and  gradually  expires  near  sunset.  Shortly  afterwards  a  wind  arises 
in  exactly  the  opposite  direction,  namely,  from  the  land  towards  the  sea, 
lasts  the  whole  of  the  night,  and  only  ceases  with  the  reappearance  of  tne  sun. 

It  is  easy  to  give  an  explanation  of  these  effects.  When  the  sun  shines  at 
once  upon  the  surface  of  the  earth  and  that  of  the  sea,  the  two  become 
unequally  heated,  because  the  water,  although  it  possesses  greater  power  of 
absorbing  heat,  yet  is  more  slowly  warmed  in  consequence  of  its  greater 
capacity  for  heat,  and  the  greater  depth  to  which  the  rays  of  the  sun  can 

Eenetrate.     The  air  over  the  heated  surface  of  the  ground,  being  expanded  by 
eat,  rises,  and  has  its  place  supplied  by  colder  air  flowing  from  the  sea, 
producing  the  sea-breeze.     When  the  sun  sets,  both  sea  and  land  V^^^Xi  V\ 
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eool  hy  rBdintion :  the  rale  of  eoaUag  of  the  latter  itil),  boireir?r,  &r  •zom 
that  of  the  former,  and  its  teropernture  will  rnpidlj  fall.  The  ^  >boi 
becoDiiag  cooled  aJid  condeoBed,  Sows  outnards  id  obedience  to  the  tana  d 
fluid  pressure,  and  displaces  the  nanuer  air  of  the  ocean.  In  tliis  muina^ 
b;  an  ialerobaiige  of  air  beCween  sea  and  land,  tlie  olbenrise  oppreaKve  hnl 
is  iDoderBled,  to  tbe  great  advaDtaga  of  tbose  wbo  inhabit  such  localitiea 
The  land  and  eca-breeies  extend  to  a  bidbII  distance  only  from  diare,  bt 
afford,  notwithstanding,  essential  aid.  to  coasting  navigation,  Binee  Teescb  i 
•ither  taok  eiyoj  a  fair  wind  daring  the  grenter  part  of  both  day  and  niglii  ' 


Kaya  of  heat,  In  pnesiog  through  a 
those  of  liglit  under  siniilar  oircumslan  _ 

tbe  case  ia  itifferenl.     If  a  paratialio  mirror  bo  tnken,  and  its  aila  direcM 
towards  the  aim.  the  raya  both  of  lieat  Bud  light  will  be  reflected  to  the  ft 
which  will  eihibit  a  temperalnro  sufficiently  high  to  fuse  a  piece  of  metal,  a 
fire  a  aomboscible  body.     If  a  plate  of  glasa  be  now  plnced  between  the  mix 
roT  and  the  Ban,  the  effect  will  be  perceptibly  diminished. 

Now,  let  the  same  eiperimeot  be  made  with  tbe  lieat  of  a  kettle  fiQed  wM 
boiliDg  water;  the  heat  will  be  conccnlmted  byrefleclion  as  before,  but,  01 
interposing  the  elasa.  the  healing  effect  at  the  focus  will  bo  reduced  tl 
nothing.  Thus,  the  raya  of  heat  coming  from  the  sun  traverse  even  glaetitf 
oonsidi'rable  quantity,  hut  not  so  easily  aa  air,  whilst  raya  fror  ■■  -  - 
entirely  stopped  by  gtaas. 

In  the  year  1S33,  M.  Melloni  publiahod  the  first  of  a  seriee  of  eiceedii^ 


valuablo  researebea 


ia  subject,  which  are  to  be  foand  in  delul  it 


Kg.  W. 


M  of  the  AnnaloB  de  Chemie  et  de  Physique.'  It  will  be  necessary,  in 
tbe  first  inetance,  to  describe  tbe  method  of  operatioD  followed  by  this 
philosopher. 

Not  long  before,  two  Tery  remarkable  facta  had  been  diaeoTered:  Oersted 
in  Copenhagen,  showed  that  a  current  of  electricity,  however  produced,  ei- 
eToiaea  a  singular  and   perfcctly-definite  action  on  a  mognetie-needle ;  and 
Becbeck,  in  Berlin,  found  thai  an  electric  cnrrent  may  be 
generated   by  tbe   unequal   effects  of  heat  on   difierrat 
metals  in  contact.     If  a  wire  con»eying  an  electrical  car- 
rent  he  brought  near  a  magDetio  needle,  the  latter  wDl  J 
immodinCety  alter  its  position  and  assume  a  new  one  ^H 
nearly  perpendicular  to  the  wire  aa  the  mode  of  euapenrie^l 
and  the  magnetism  of  the  earth  will  permit.      When  lUN 
wire,  for  example,  ia  placed  directly  over  the  needle  anf.l 
parallel  to  its  length,  while  tbe  eurront  it  carries  Iravell 
from  norlh  to  south,  the  needle  ia  deSccled  from  its  ordi- 
nary direction  and  tlie  north  pole  driven  to  the  eastward. 
When  Ibe  current  ia  reversed,  the  BBme  pole  deviatea  to  an 
it  towards  (he  west.     Placing  tbe  wire  below  the  needle  instesd 
iduceB  the  same  effect  us  rcTcraing  the  current 

When  the  needle  ia  subjected  to  the  action  of 
Ig,  61.  two  currents  in  oppoaite  direcliona,  the  one  above 

and  the  other  below,  (hey  will  obvioualy  concur 
in  their  effecta.  The  same  thing  happens  when 
the  wire  cnrrying  the  current  ia  bent  upon  ilaelf; 
and  (he  needle,  placed  between  the  two  porcioosi 
and  pinoc  every  lime  the  bending  ia  repeated  a 
fresh  porCioD  of  tbe  cnrrent  ie  made  to  act  in  Iha 
same  manner  upon  tbe  needle,  it  is  easy  to  M* 
Isted  (Ik  In  Taflar'l  SdmtMo  Uamoln. 
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'  a  onrrent,  tdo  feeble  to  province  any  effect  vhen  a  simple  Btrniglit  irire 
mplojed,  mttj  be  miLde  bj  this  conrriv.inoB  to  exhibit  u  powerful  aotion 
Jib  iDHgnet.  It  is  on  tbis  principle  tliah  inKtrnmenla  called  gatoanomrltri, 
•anoMcopa,  or  muUipUfra,  are  conalriicted ;  tbe;  serve,  not  onlj  to  indiOBite 
eiisteuae  of  electrical  currents,  but  to  Ebow  b;  tbe  effect  upon  the  ueedle 
direction  in  which  (hey  are  moring.  The  deUcacy  of  the  instrament  can 
SKtraga^iiiarily  iacroased  by  the  use  of  a  very  long  coil  of  wire  and  two 
dtea  u  ei|U&l  strength,  and  with  uppoaito  poles  corijoiaed  (tig.  GO}.  These 
dies  are  hung  by  untwisted  silk,  so  that  one  is  between  the  coils  sod  the 
er  above  them,  so  thut  the  current  acln  in  the  same  direction  on  both. 
i  thickness  of  rhe  wire  has  some  inSucnce  on  the  delicacy  of  the  instru- 
,    For  the  following  eiperimenlg  it  should  not  be  less  than  ^,  of  ■□  incb 


;k. 

Vhen  two  pieces  of  different  r 
I  of  their  joints  more  healed  tl 
■t  up.     Of  all  tl 


etals,  connected  togethj 
in  the  other,  an  electric 
•A,  bismuth  and  anllii 


looy  form  the  most 
B  of  their  junctions 


rerfal  combination.     A  single  paii 

ited  in  the  manner  shown  (fig.  6Uj,  can  aeveiop  a  cnrroni  strong  eiiougu 
leBect  a  com  pass -needle  placed  within,  and.  by  arranging  a  number  in  a 
iea  and  healing  tlieir  alternate  ends,  tbe  itHensity  of  ibe  current  may  be 
;  moetl  increoaed.     Such  an  arrsJigetnent  is  called  a  thermo-electric  pile. 


aJ-  lloni  Donetructed  a  Tory  Hmnll  thermo-electrio  pile  of  this  kind,  cod- 
ning  fifty-five  slender  bare  of  bismuth  and  antimony,  laiil  aide  by  side,  and 

eted  this  pile  with  an  eiocedingly  delicate  multiplier,  and  found  himself  in 
s  possession  of  an  instrument  for  measuring  small  variations  of  temperature 
■  aarpassing  in  delicacy  the  air-thermomelcr  in  its  most  sensitive  form,  and 
ving  great  advantages  in  other  respects  over  that  instrument  nhen  em- 
lyed  for  Iho  purpoae.f  to  which  he  devoted  it. 

Tha  sabatances  whose  powers  of  transmission  Kere  to  be  examined  were 
t  into  plates  of  a  determinate  thickness,  and,  after  being  well  polished,  ar- 
Itged  in  succession  in  front  of  the  httle  pile,  the  extremity  of  which  was 
lehcoed  to  promote  the  absorption  of  the  rays.  A  perforated  screen,  the 
ea  of  whoso  aperture  equalled  that  of  the  face  of  the  pile,  was  placed 
tween  the  source  of  heat  and  the  body  under  trial,  while  a  second  screen 
rved  to  intercept  all  ntdintion  until  the  moment  of  the  experiment. 
Aft«r  mnch  preliminary  labor  for  the  purpose  of  testing  the  oapabilitiea  of 
e  apparatus  and  the  value  of  its  indications,  an  extended  series  of  rcecarohes 
18  undertaken  and  carried  on  during  a  long  period  with  great  success :  some 
the  most  eurioua  results  are  givea  in  the  nnnexed  table. 
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Four  different  sources  of  heat  were  employed  in  these  experiments,  differ* 
Ing  in  their  degrees  of  intensity ;  the  naked  flame  of  an  oil-lamp ;  a  eoil  of 

Fig.  64. 


platinum  wire  heated  to  redness ;  blackened  copper  at  784^  (890®) ;  and  tilt 
same  heated  to  212o  (100<»C). 


Babetanoes. 
(Thlcknen  of  plate  0*1  inoh,  nearly.) 


Rock-salt,  transparent  and  colorless. 

Fluor-spar,  colorless 

Rock-salt,  muddy 

Beryl 

Fluor-spar,  greenish 

Iceland-spar 

Plate-glass *.     .     .     . 

Rock-crystal 

Rock-crystal,  brown 

Tourmaline,  dark-green 

Citric-acid,  transparent 

Alum,  transparent 

Sugar-candy 

Fluor-spar,  green,  translucent    .     . 
Ice,  pure  and  transparent .     .     .     . 


TranBmlMrion  of  100  raye  of 
heat  ftom 


I 


92 

78 

65 

54 

46 

80 

89 

88 

87 

18 

11 

9 

8 

8 

6 


1| 


92 

69 

65 

28 

88 

28 

24 

28 

28 

16 

2 

2 

0 

6 

0 


92 

42 

65 

18 

24 

6 

6 

6 

6 

8 

0 

0 

0 

4 

0 


^1 

^1 

92 

88 

65 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 


On  examining  this  remarkable  table,  which  is  an  abstract  of  one  miidb 
more  extensive,  the  first  thing  that  strikes  the  eye  is  the  want  of  connexiM 
between  the  power  of  transmitting  heat  and  that  of  transmitting  lif^: 
taking,  for  instance  the  oil-lamp  as  the  source  of  heat,  out  of  a  quantity  at 
heat  represented  by  100  rays  falling  upon  the  pile,  the  proportion  intercepted 
by  similar  plates  of  rock-salt,  glass,  and  alum,  may  be  expressed  by  the 
numbers,  92,  39,  and  8 ;  and  yet  these  bodies  are  equally  transparent  with 
respect  to  light.  Generally  speaking,  color  was  found  to  interfere  with  the 
transmissive  power,  but  to  a  very  unequal  extent:  thus,  in  fluor-spar,  color* 
onx^fuiiflh,  and  deep  green,  the  quantities  transmitted  were  78,  46,  and  8^ 
brenoe  between  colorless  and  brown  rock-crystal  was  only  1 
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Bodies  absolKtdj  •pK^ar.  as  wvA  iksls.  asi  Kac k  saiKe.  n«^p«d  tb« 
rays  eompletcijv  abkavgsi  is  via  fwad  t^a:  i^e  £af oltr  «f  tnasausnMi  vas 
possessed  to  a  eertuK  exasc  bj  same  v^ca  vere  aeaHr  ia  that  c»iitioB« 
as  thick  platn  oT  krovm  qvHtL  fa&a^  m:c;k  aai  Kaek  fUsoL 

When  mjB  of  haat  kad  «■«  pin'yii  tkroa;^  a  plate  of  aaj  nVtaaee,  tk« 
interposition  of  m  aBCoad  ssilar  piite  oceasioaei  mock  less  kiss  tkaa  tbo 
first :  tl^^aaao  faiag  happened  wWa  a  nvmber  weie  interposed :  tko  n^rs, 
after  traTenng  oam  plaie,  beiaig  bat  Ettte  uitemq»ted  bj  otbers  of  a  simUar 
nature. 

The  next  point  to  be  neticed  ia  tke  great  ^fference  in  &e  pioperties  of  tbo 
rays  from  diiferenft  aonrees.  Oat  of  100  rars  from  each  source  which  fell  on 
rock-salt,  the  aaae  praportioB  vas  aiwaTS  transmitted  whether  the  rays  pro- 
ceeded from  tbe  iaf t  ■■ely-beated  flame,  the  red-hot  platinum  wire, 'or  tho 
copper  at  734<>  (S90oC)  or  212»  <  lOO^C) :  bnt  this  is  tme  of  no  oth«r  sab* 
stance  in  the  lisL  In  die  case  of  plate-gUsa.  we  hare  the  numbers  89,  24« 
6,  and  0,  as  represeatatrves  of  the  comparatiTe  quantities  of  heat  transmitted 
through  the  plate  from  each  aource;  or  in  three  Tarieties  of  fluor-spar,  as  in 
the  following 


WhmB. 

VJtdhmL 

n«°(39QPC)k 

tUP(lVfiC^ 

ColorlesB     • 

.    78      . 

.       69       . 

.      42      . 

.       88 

Greenish     . 

.    46 

.      88      . 

.       24      . 

.       20 

Dark  green 

8      . 

6      . 

4      . 

8 

One  subetanoe,  beryl,  out  of  100  rays  fi^m  an  intoisely-heated  source,  suf- 
fers 54  to  pass ;  and  out  of  the  same  number  (that  is,  an  equal  quantity  of  heat) 
frt>m  metal  at  212^  (100<>G),  none  at  all ;  whilst  Another  substance,  fluor-spar, 
transmits  rays  from  the  two  sources  mentioned  in  the  proportion  of  8  to  8. 

These,  and  many  other  curious  phenomena,  are  frilly  and  completely  ex- 
plained on  the  suppoation,  that  among  the  invisible  rays  of  heat  differences 
are  to  be  found  exactly  analogous  to  those  differences  between  rays  of  light 
which  we  are  accustomed  to  call  colors.  Rock-salt  and  air  are  the  only  sub- 
stances yet  known  which  are  truly  ditUhermanoua,  or  equally  transparent  to  all 
kinds  of  heat-rays:  it  is  to  the  latter  what  white  glass  or  water  is  to  light;  it 
suffers  rays  of  every  description  to  pass  with  equal  facility.  All  other  bodies 
act  like  colored  glasses,  absorbing  certain  of  the  rays  more  abundantly  than 
the  rest,  and  coloring,  as  it  were,  the  heat  which  passes  through  them. 

These  heat-tints  have  no  direct  relation  to  ordinary  colors ;  their  existence 
is,  nevertheless,  almost  as  clearly  made  out  as  that  of  the  colored  rays  of  the 
spectrum.  Bodies  at  a  comparatively  low  temperature  emit  rays  of  such  a 
tint  only  as  to  be  transmissible  by  a  few  substances:  as  the  temperature  rises, 
rays  of  other  heat-colors  begin  to  make  their  appearance,  and  transmission  of 
some  portion  of  these  rays  takes  place  through  a  great  number  of  bodies ; 
while  at  the  temperature  of  intense  ignition  we  find  rays  of  all  colors  thrown 
out,  some  of  which  will  certainly  find  their  way  through  a  great  variety  of 
substances. 

By  cutting  rock-salt  into  prisms  and  lenses,  it  is  easy  to  show  that  radiant 
heat  may  be  refracted  like  ordinary  light,  and  its  beams  made  to  converge  or 
diverge  at  pleasure ;  and,  lastly,  to  complete  the  analogy,  it  has  been  shown 
to  be  susceptible  of  polarization  by  transmission  through  plates  of  double- 
refracting  minerals,  in  the  same  manner  as  light  itself.^ 

*  Dr.  Forbes,  PhiL  Hag.  for  1886 ;  alao  M.  MellonI,  Ann.  Chim.  et  Phya  Ixv.  6. 
9* 
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A  PARTiouLAR  speoies  of  iron  ore  has  long  been  remarkable  for  Its  proptri;^ 
of  attracting  Bmall  pieces  of  iron,  and  causing  them  to  adhere  to  its  snrfkeet 
It  is  called  loadHtonc,  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefully  examined,  it  will  be  found  that  tbt 
attractive  force  for  particles  of  iron  is  greatest  at  certain  particular  points  of 
its  surface,  while  elsewhere  it  is  much  diminished,  or  even  altogether  abtent 
These  attractive  points  are  denominated  poles,  and  the  loadstone  itsitf  it  mid 
to  be  endued  with  magnetic  polarity. 

If  one  of  the  poles  of  a  natural  loadstone  be  rubbed  in  a  partlonlar  muuMr 
over  a  bar  of  steel,  its  characteristic  properties  will  be  communlonted  to  tbt 
bar,  which  will  then  be  found  to  attract  iron-filings  like  the  loadstone  itself. 
Farther,  the  attractive  force  will  appear  to  be  greatest  at  two  points  tituatsd 
very  near  the  extremities  of  the  bar,  and  least  of  all  towards  the  middle. 
The  bar  of  steel  so  treated  is  said  to  be  magnetized,  or  to  constitute  an  uti* 
ficial  magnet. 

When  a  magnetized  bar  or  natural  magnet  is  suspended  at  its  eentrt  In  tnj 
convenient  manner,  so  as  to  be  ft*ee  to  move  in  a  horizontal  plane,  it  is  alwayi 
found  to  assume  a  particular  direction  with  regard  to  the  earth,  one  end 
pointing  nearly  north  and  the  other  nearly  south.  If  the  bar  be  moved  tnm 
this  p(»8ition,  it  will  tend  to  rcassume  it,  and,  after  a  few  oscillations,  settle  at 
rest  as  before.  The  pole  which  points  towards  the  astronomioal  north  if 
usually  diHtinguished  as  the  north  polo  of  the  bar,  and  that  which  points  south- 
ward, as  the  south  pole.  A  suHpcnded  magnet,  either  natural  or  artifleial, 
of  symmetrical  form,  serves  to  exhibit  certain  phenomena  of  attraction  and 
repulsion  in  the  presence  of  a  second  magnet,  which  deserve  particular  atten- 
tion. When  a  north  pole  is  presented  to  a  south  pole,  or  a  south  pole  to  a 
north,  attraction  ensues  between  them ;  the  ends  of  tlie  bars  approach  each 
other,  and,  if  permitted,  adhere  with  considerable  force:  when,  on  Uie  othtr 
hand,  a  north  pole  is  brought  near  a  second  n(»rth  pole,  or  a  south  pole  near 
another  south  pole,  mutual  repulnion  is  obnervod,  and  the  ends  of  the  ban 
recotio  from  each  other  as  far  as  possible.  /*oUa  of  an  oppoaite  nami  attrtutf 
and  of  a  aimilar  nann  rfpel^  each  other.  Thus,  a  small  bar  or  needle  of  steel, 
properly  niagnt^tized  and  suspended,  and  having  itH  polos  marked,  becomes  an 
inHtrumoiit  fitted  not  only  to  discover  the  existence  of  mngnetio  power  in 
othor  bodies,  but  to  estimate  the  kind  of  polarity  affected  by  their  different 
parts. 

A  ])iece  of  iron  brought  into  the  neighborhood  of  a  magnet  acquires  itself 
mngnetio  proportics:  tlie  intensity  of  the  p(»wer  thus  conferred  depends  upon 
tliat  of  tho  ningnot  and  upon  the  interval  which  divides  the  two,  becoming 
griMiter  as  that  interval  <iecre>iseH,  and  greatest  of  all  when  in  nctunl  contsot. 
1Mi(«  iron,  un(I<T  these  circuniHtances,  is  siiid  to  he  ningnetized  by  inciuction 
or  influence,  and  the  etftM^t,  which  in  nn  instant  reaches  its  nniximum,  is  at 
onre  «leHtr«»y«Ml  hy  removing  the  niugnet. 

When  ste<>l  is  Hti))Htitute(]  for  iron  in  this  experiment,  the  inductive  action 
is  hardly  perceptible  at  first,  aitd  only  beconies  manifest  after  the  lapse  of  n 
certain  time :  in  this  condition,  when  the  steel  bar  is  removed  firom  tht  maf- 
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net,  it  Tctolns  a  portion  of  the  induced  polaritj.  It  beeomeB,  indeed,  a  per- 
tn&nent  magnet,  similnr  to  the  first,  and  retains  il9  peauliar  properties  fur  bd 
indefinite  period. 

A  partiDulw  name  is  giyen  to  tliis  resisltinoo  whicli  steal  always  offers  in  a 
frealer  or  less  degree  both  to  the  developniEnt  of  mugDetism  and  its  enbee- 
quent  destruction ;  it  is  called  specific  eoetcive  poatr. 

The  rule  which  regulntes  the  indaotion  of  mngnelic  polarity  in  an  ensee  ia 
exceedingly  simple,  and  most  important  to  be  remembered.      The  pole  pro- 
daced  ia  always  of  (he  opposite  niLme  to 
that  whioh  produced  it,  a  north  pole  do-  fifi  w. 

Teloping  sUDlh  polarity,  and  a  south  pole  e 

oorlh  polarity.      The  north  pole  of  the  ^^ 

Magnet  figured  in  the  sketch   indncea  ,^7 

soolb  polaritj  in  all  the  nearer  e;[trami-  ,^X 

ties  of  the  pieeea  of  iron  or  steel  which  /^^ 

in  aU  tlie  more  remote  eitremiliea.      The 
iron  thua  magneCiEed  is  capable  ,of  e 


.bird.  H 


second  pieoe,  and  that  upon  a 
BO  to  a  great  number,  the  intensity  of  thu 
force  diminishing  as  the  distance  from  the 
permsueDt  maguet  increases.  It  is  in 
this  way  thnt  a  magnet  is  enabled  to  hold 
up  a  nnmher  otamall  pieces  of  iron,  or  s 
bunch  of  filings,  each  separalo  piece  be- 
coming a  magoel  for  the  time  by  in- 
dnction, 

Magnetio  polarity,  similar  in  degree  to  that  which  iron  preeenta,  haa  been 
found  only  in  aome  of  the  compounds  of  iron,  in  nickel,  and  in  cobalt. 

Magnetic  atlraotiona  and  repulsions  are  not  in  the  stlghtesl  degree  ititer- 
fared  with  by  the  interpoailion  of  substances  destitute  of  magnetic  properties. 
Thick  pialea  of  glass,  shellac,  metals,  wood,  or  of  any  substaoces  except  those 
above  mcnlioned,  may  be  plaeed  between  a  magnet  and  a  saspBuded  needle, 
or  a  piece  of  iron  under  its  iuUnence,  the  distance  being  preserved,  without 
the  least  perceptible  alteration  in  iti  attractive  power,  or  force  of  indnction. 

One  kind  of  polarity  cannot  be  eihibited  without  tbe  other.  In  other  words 
K  magnetic  pole  cannot  be  insulated.  If  a  magnetlied  bar  af  steel  be  broken 
at  iU  nenlral  point,  or  in  the  middle,  each  of  the  broken  euds  acquires  an  op- 
posite pole,  eo  that  both  portions  of  the  bar  become  perfect  magnets;  and,  if 
the  diiision  be  carried  still  farther,  if  the  bar  be  broken  into  a  bundreil  pieces, 
•aoh  fragment  will  be  a  complete  magnet,  baying  ita  own  north  and  south 

Thia  Biperiment  serves  to  show  rery  clearly  thai  the  apparent  polarity  of 
tlie  tiar  is  the  consequence  of  the  polarity  of  each  individual  particle,  the  poles 
of  the  bur  being  merely  points  through  which  the  resullantn  of  all  Ibeae  forces 
pass;  the  largest  magnet  is  made  up  of  an  immense  number  of  little  magnets 

Fig-M, 


:a  CB  LIB  [IHCZBIZB  [=■  [!■ 


Mgularly  arranged  side  by  side,  all  baring  (heir  north  poles  looking  one  way, 
and  Uiur  aoatb  poles  the  other.     The  middle  portion  of  aueh  k  kj^jho.  ms^^ 
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pmdbly  exhibit  attna^Te  or  repulsive  effects  on  sn  external  bodj,  becatm 
Moh  pole  IB  in  close  juitftposition  witb  odq  of  «.□  opposite  name  Bod  of  eqnil 
power ;  henoe  their  forcea  will  be  exerted  in  nppotile  direotiuns  iind  neutmliie 
•ach  Diber's  iufluence.  Suah  will  not  be  ihe  cnse  nt  tbe  extremities  of  the  bar; 
Uiera  UDOompensated  polarity  will  be  found  capable  of  exerting  its  ipecifle 

This  idea  of  regaUr  polnriintion  of  particles  of  matter  in  Tirtne  of  a  pair 
of  apposite  and  eqaat  forces,  ia  not  confined  to  magnelie  pbenouiena ;  it  is  the 
lending  prinuipte  in  eteotrical  soieDoe,  and  is  oouatnnCi;  reprodueed  in  aom* 
form  or  othoT  in  eitrry  diecusttion  invoiving  tho  aonBideralioQ  of  moleeuUr 
forces. 

Artificial  steel  magnets  are  made  in  a  great  varictj  of  forma  ;  ancb  as  small 
Hght  needles,  mounted  nitb  an  iLgale  cap  for  suspension  upon  a  fine  poinl; 
ttrught  bars  of  Tarioua  kinds ;  bars  ouned  into  the  shrtiie  of  a  bone-Bhoe,  to. 
All  (bese  bave  regular  polarity  comtnunioaled  (□  tliem  by  oertain  proceasn 
of  nibbing  or  touching  with  another  magnet,  which  require  care,  but  are  net 
Otherwise  diilioalt  of  eleoution.  When  great  pnwor  is  wished  for.  a  number 
of  bars  may  be  screwed  together,  wilh  their  similar  ends  in  contact,  and  in 
this  way  It  is  easy  to  constrnct  penaanent  steel  magnets  capable  of  auslaiiiing 
great  weights.  To  prevent  the  gradual  destruction  of  magnetic  force,  which 
would  otherwise  occur,  it  is  usual  to  arm  each  pole  with  a  piece  of  soft  iron  or 
keeper,  which,  becoming  mngnetized  by  induction,  serTes  lo  sastaiu  tho 
polarity  of  the  bar,  and  even  increases  in  some  cases  its  euerity. 

The  direction  spontaneously  assumed  by  a  suspended  needle  indicates  tliil 
the  earth  itself  has  tbe  properties  of  an  enormous  magnet,  whose  south  pole  la 
o  the  Dortbem  hemisphere.  A  line  joining  the  two  poles  of  such  a  needle  or 
tnr  indicates  the  direction  of  Ihe  langnrlie  meridian  of  the  place,  which  is  s 
,ertical  plane  coincident  wilh  the  direction  of  the  needle. 

The  magnelie  meridian  of  a  place  is  not  nsually  coincident  vriih  ils 
geographical  meridian,  but  makes  with  the  laller  a  certain  angle  called  tbe 
iltcJinafioR  of  tbe  needle  :  in  other  words,  the  mnguetic  poles  of  the  earth  ire 
not  sitoaled  within  the  line  of  the  axis  of  rotation. 

The  amount  of  this  declination  of  tho  needle  from  the  true  north  and  south 
not  only  varies  at  different  places,  but  in  the  same  place  is  subject  to  diuly. 
yearly,  and  seciitar  fluctuation  a.  which  are  called  the  variations  of  declination. 
Thus,  at  the  commencement  of  the  1 7th  oentory,  the  declinalion  was  eofrlward ; 
in  1660itwaa0;  that  is,  the  needle  pointed  due  north  and  south.  After- 
wards it  became  waalerly,  slowly  increasing  until  the  year  1318,  wheit  it 
reached  24°  30',  since  which  time  it  has  been  slowly  diminishing,  uul,  ill  M 
year  1857,  in  London  it  had  returned  to  SI"  48'. 

Oflale  the  march  of  the  dully  variations  of  declination  has  been  enrefolly 
compared  with  the  positions  of  the  sun  as  well  as  the  moon  at  Ihe  oorrevponi^ 
Ing  period.  This  inquiry,  suggested  by  General  Sabine,  and  carried  on  for  % 
number  of  years  in  several  localities,  has  led  to  the  reninTkable  result  that 
these  celestial  bodies  exert  a  delinite  influence  upon  the  magnetic  needle,  and 
must  therefore  be  considered  as  magnets,  like  the  earth  itself. 

If  a  steel  bar  be  supported  on  a  horizontal  axis  passing  exactly  Ihroagh  its 
centre  of  gravity,  it  will  of  course  remain  equally  balanced  in  any  position  in 
Which  it  may  happen  to  be  placed  ;  if  the  bar  so  adjusted  be  then  magnetlud, 
it  will  be  found  to  take  a  permanent  direction,  the  north  pole  being  down- 
Wurde,  and  the  bar  making  an  angle  of  about  GS°  5',  with  a  horizontal  plus 
passing  through  the  axis.  Tliis  is  called  the  d^  or  meliaalion  of  the  needle,  and 
shows  the  direction  in  which  the  force  of  terrestrial  magnetism  is  most 
energetically  eserted.  The  amount  of  this  dip  is  diffirenl  in  different  kti- 
turtes;  near  the  equator  it  is  very  small,  the  nceillo  remaining  nearly  or  quite 
horizonlal ;  as  the  latitude  increases  the  dip  becomes  more  decided ;  and  over 
the  magnetio  pole  the  bat  becomes  completely  vertical. 
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t,  to  ts  fonnd  in  (he  norCbern  bem^sphers,  considembl;  BCnitb  of  tlil 
geogTuphicftl  pole  oo  the  weal  coast  of  Boolhia  Felii,  Int.  70°  5'  N.  and 
longitnde  Ofi"  46'  W. ;  Ihe  dipping-needle  has  here  been  seen  to  point  directly 
downwards,  while  the  horiaonta]  or  compasH- needle  ceased  to  traTcrse.  The 
posiliaD  of  the  south  magnetic  pole  has  lately  been  delennined  by  the  obser- 
TBliona  of  Captain  James  Rosa  to  be  about  lat.  73°  S.  and  long.  130°  B. 

By  obeerriog  a  great  number  of  points  near  the  equator  in  wbioh  the  dip 
becomes  reduced  to  nothing,  a  line  mity  be  traced  around  the  earth,  oalled 
the  mngnetio  equntor,  and  nearly  parallel  to  this,  on  both  sides,  a  number  of 
einaller  circles  called  lines  of  equal  dip.  These  lines  present  great  irrego- 
laritieB  when  compared  with  the  equator  itself  and  the  parallels  of  latitude, 
the  magtietio  equator  deviating  from  the  terrestrial  one  rb  much  as  12°  at  its 
point  of  greatest  divergence.  Like  the  boriiotital  declination,  the  dip  is  also 
subject  to  change  at  the  same  place.  Observations  have  not  yet  been  mads 
during  sufficient  time  to  determine  accarutcly  the  law  and  rate  of  alteration, 
»nd  great  practical  difficulties  exist  also  in  the  construction  of  the  instnnaents. 
Id  the  year  1773  it  was  about  72°;  at  the  present  time  it  is  near  G8°  32' in 

The  inductive  power  of  the  magnelism  of  the  earth  may  be  shown  by  holding 
in  a  vertical  position  a  bar  of  very  soft  iroui  the  lower  end  will  be  found  to 
possess  north  polarity,  and  the  upper,  the  contrary  slate.  On  reversing  the 
bar  the  poles  are  also  reversed.  All  masses  of  iron  whatever,  when  examined 
by  a  aui^pended  needle,  will  be  foond  in  a  state  of  magnetic  polarity  by  the 
inflnence  of  the  earth;  iron  columns,  tools  in  a  smith's  uhop,  fire-irons,  and 
other  like  objects,  are  all  nsually  magneUe,  and  those  made  of  steel  perma- 
nently so.  Ou  board  ship,  the  presence  of  so  many  large  masses  of  iron  — 
guns,  anchors,  water-tanks,  &c.  —  thus  polarized  by  the  earth,  causes  a 
derangement  of  the  conipass-needles,  to  a  very  dangerous  extent :  happily,  a 
plan  has  been  devised  for  determining  the  amount  of  this  local  attraction  in 
different  positions  of  the  ship,  and  making  suitable  corrections. 

The  mariner's  compass,  which  is  nothing  mora  than  a  suspended  needle 
attached  to  a  circular  card  marked  with  the  points,  was  not  in  general  use  in 
Earape  before  the  year  ISUO,  nlthough  the  Chinese  have  had  it  from  very 
early  antiquity.  Its  value  to  the  navigator  is  now  very  much  increased  by 
eorreot  observations  of  the  exact  amount  of  the  deelination  in  various  porta 
of  the  Korld. 

Probably  every  substance  in  the  world  contributes  something  to  the  mag- 
netio  action  of  the  earth;  for,  according  to  the  latest  discoverieB  of  Mr. 
Faraday,  magnetism  is  not  peculiar  to  those  substances  which  have  more 
especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt,  bat  it  is  tbt 
property  of  all  matter,  thongh  to  a  much  smaller  degree.  Very  powerful 
nugnets  are  required  to  show  this  remarkable  fact.  Large  horse-shoe 
magnets,  made  by  the  action  of  the  eleotric  current,  are  most  proper.  Tba 
mngnetic  action  on  different  substances  which  are  capable  of  being  easily 
moved,  differs  not  only  according  to  the  siie,  but  also  according  to  the  nature 
of  the  substance.  In  consequence  of  this,  Faraday  divides  all  bodies  into 
two  classes.  He  calls  the  one  magnetic,  or,  better,  paramagnetic,  and  the 
(tther  dianiagnetio. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  is  attracted 
by  both  poles  of  the  horse-shoe  magnet:  on  the  contrary,  the  matter  of  a 
diamagnetia  body  is  repelled.  Whan  a  small  iron  bar  is  hung  by  untwisted 
silk  iMtween  the  poles  of  the  magnet,  so  that  its  long  diameter  can  easily  move 
in  a  horizontal  plane,  it  arranges  itself  nxially,  that  is,  parallel  to  the  straight 
line  which  joins  the  pole:^,  or  to  the  mngnetic  axis  of  the  poles  ;  assuming  at 
Ihe  end  which  ia  nearest  tbe  north  pule,  a  south  polo,  and  at  the  end  nearest 
(he  south  pole,  a  north  pole.  Wlientvor  the  little  bar  is  reuioved  from  this 
pentiDn,  after  a  few  oscillations,  it  returns  again  to  ita  <^iQn<ni&  f<im&<t&. 
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differences  occnr. 

On   Iho   contrarj.  dismagnetic   bodies  huve  their  long  diamelers  pliio 
cqantorially,  tbnt  is,  al  right  angles  to  Ihe  msgnetio  bxib.     I'lir;  behiti?,  q^9 
If  at  the  end  opposite  to  each  pole  of  the  magnet,  the Buine  kind  of  poliiri^'i 

In  tho  firat  clas,"  of  aubatances,  besidea  iron,  which  ia  the  best  reprefpnlkdW 
of  Ihe  class,  we  have  uiokel.  cobatt,  manganeEe,  ehroDiiuDi,  ceriui 
pfllladiam,   platinum,    osmium,  aluminium,  oxygen,  and   d1«o  i 
compoDnds  of  Iheee  bodies ;  moet  of  them,  even  when  In  Bolotion.    AooordiM 
to  Farada;,  the  following  subalanoeB  are  also  feebly  paramagnetie  (mBgDctit 
paper,  sealiog-waj,  Indian-iah,  porcelain,  asbeBIoa,  fluorspar,  minium,  w 
nabar,  binoiide  of  lead,  sulphate  of  lino,  tourmaline,  gniphits,  and  charcoal. 

In  the  Eecond  clnes  are  placed  bismuth,  autimotiy.  linc,  tin,  eadDiinm, 
sodium,  mercury,  lend,  silver,  copper,  gold,  Rrsenic,  uranium,  rbodiaai, 
iridium,  tangsten,  phosphorus,  iodine,  sulphur,  chlorine,  hydrogen,  and  innsj 
of  their  compounds.  Also,  glass  free  from  iron,  water,  aleoliol,  ether,  nitns 
•Old,  bydrochlorio  acid,  resin,  wsi,  olive  oil,  oil  of  turpentine,  caoutohoDO, 
sugar,  starch,  gum,  and  wood.     These  are  diamagnettc. 

If  diama^etio  and  paramngnetio  bodies  are  combined,  their  peouKir 
properties  are  destroyed.  Id  most  of  these  compounds,  occasionally,  in 
ooDsequence  of  Ihe  presence  of  the  smallest  quanlity  of  iron,  the  peculiar 
magnetic  power  remains  more  or  lees  in  eicess.  Thus  green  bollle-glasa  and 
Dmay  varieties  of  orown  glass,  are  magnetio  in  consequence  of  the  iron  tbsj 

In  order  to  examine  the  magnetic  properties  of  flaidrj  they  are  placed  in 
Tery  thin  glass  tubes,  the  ends  of  which  are  then  closed  by  melting :  they  are 
are  then  bung  horizontally  between  the  poles  of  the  mngnet.  Coder  (be 
influence  of  poles  suQlcieDtly  powerful,  they  begin  to  swing,  and  according  as 
the  fluid  contents  are  paramagnetic  (magnetic),  or  diamaguetic,  tiiej  assume 
BD  axial  or  equalorial  poailion. 

Under  certain  circumstaDces  sabstances  which  belong  to  the  parnmagnetie 
olnsa  behSTe  as  if  they  were  diamaguetic.  This  happens  in  consequence  of  a 
differencial  action.  Thus,  for  example,  wlien  a  glass  tube  full  of  a  dilute 
solution  of  sulphate  of  iron  is  allowed  to  swing  in  a  concentrated  satutioD  of 
■ulpliate  of  iron,  instead  of  in  the  air,  it  assumes  an  equatorial  positioD.  The 
air,  la  consequence  uf  the  oxygen  in  it,  is  itself  pnmDiagnetio  (rougnelic). 
Hence,  such  bodies  as  appear  to  possess  feeble  dinmagnetio  properties,  can 
only  show  their  true  properties  when  hung  iu  a  vacuum, 

Faraday  has  tried  the  magnetic  condition  of  gases  in  difl'erent  ways.  One 
way  consisted  in  making  soap  bubbles  with  the  gas  which  he  wislied  to 
-mestigate,  and  bringing  these  near  the  poles.  Soap  and  water  alone  is  feebly 
diamagnetio.  A  bubble  fllled  with  oxygen  was  strongly  attracted  by  the 
magnet  All  other  gases  in  the  air  are  diamagnetiG ;  that  is,  they  are  repeUed. 
But,  ae  Faraday  has  shown,  in  a  different  way,  this  partly  arises  from  the 
paramagnetic  (magnetic)  property  of  the  air.  Thus  he  found  that  nitrogen, 
when  Ibis  differential  action  was  elimianted,  waa  perfectly  indiflferent,  whether 
it  was  aondcDsed  or  rarefled,  whether  cooled  or  healed.  When  Ihe  temperature 
is  raised,  the  diamagnetio  property  of  gases  in  Ihe  air  is  increased.  Hence 
the  flame  of  a  candle  or  of  hydrogen  is  strongly  repetitf^  by  tbe  magnet 
£ven  warm  air  is  diamagnetio  in  cold  air. 

For  some  time  it  had  been  believed  that  bodies  in  a  crystalline  form  had  a 
ipeeiaL  and  peculiar  behavior  when  placed  between  the  poles  of  a  magnet. 
It  appeared  as  though  the  mngnetic  directing  power  of  the  crystal  hud  some 
peculiar  relation  to  tbe  position  of  its  optic  axis;  so  that,  independently  of 
"  e  magnetic  property  of  the  subBtance  of  the  crystal,  if  the  oryetal  ni 
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7e\j  optical,  it  possessed  the  power  of  placing  its  optic  axis  parallel 
the  line  which  joined  the  poles  of  the  magnet,  while  optically  negatiye 
kls  tried  to  arrange  their  axis  at  right  angles  to  this  line.     This  suppo- 

is  disproYed  by  the  excellent  inyestigation  of  Tyndall  and  Enoblaach, 
howed  that  exceptions  to  the  above  law  were  famished  by  all  classes  of 
lis,  and  proved  that  the  action,  instead  of  being  independent  of  the 
etic  nature  of  the  mass,  was  completely  reversed  where,  in  isomorphons 
kls,  a  magnetic  constituent  was  substituted  for  a  diamagnetio  one. 
ting  the  various  new  forces  assumed,  Tyndall  and  Knoblauch  referred 
bserved  phenomena  to  the  modification  of  the  magnetic  force  by  struc- 
and  they  imitated  the  effects  exactly,  by  means  of  substances  whose 
ure  had  been  modified  by  compression.  In  a  later  investigation  Tyndall 
istrated  the  fundamental  principle  on  which  these  phenomena  depend, 
ng  that  the  entirs  mass  of  a  magnetic  body  is  most  strongly  attracted 
the  attracting  force  acts  parallel  to  the  line  of  compression ;  and  that  a 
.gnetic  substance  is  most  strongly  repelled  when  the  repulsion  acts  along 
•me  line.  Hence  when  such  a  body  is  freely  suspended  in  the  magnetic 
the  line  of  compression  must  set  axial  ar  equatorial,  according  as  the 
is  magnetic  or  diamagnetic.     Faraday  was  the  first  to  establish  a  differ- 

action  of  this  kind,  in  the  case  of  bismuth ;  Tyndall  extended  it  to 
kl  magnetic  and  diamagnetic  crystals,  and  showed  that  it  was  not  confined 
m,  but  was  a  general  property  of  matter.  It  was  also  proved  that  for  a 
distance  the  attraction  of  a  magnetic  sphere,  and  the  repulsion  of  a 
gnetic  sphere,  followed  precisely  the  same  law,  both  being  exactly 
rtioned  to  the  square  of  the  exciting  current. 
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Ir  gla^B,  amber,  or  senling-wai  be  rubbed  vHh  a  dry  clotli,  it  acquires  I 
power  of  tttlraoling  light  bniliaH,  as  feathere.  dust,  or  bits  of  paper;  4hie 
the  result  of  a  oew  aiid  peculiar  coDililiun  of  tbo  body  rubbed,  called  eleal 
oal  eicitatioD. 

If  a  light  downy  feather  be  eiiBpended  by  a  thread  of  nhite  silk,  and  a  ( 
glass  tube,  excited  by  rubbing,  be  presented  to  it,  tbe  fealber  will  be  stroc 
attracted  to  the  tube,  adhere  to  its  surface  for  a  few  seconds,  and  theoi 
off.  If  the  tube  be  now  excited  anew,  ajid  presented  to  the  feather,  the  lat 
Kill  be  strongly  repetlei). 

The  same  experiment  may  be  repeated  vith  shellac  or  resin ;  the  feather 
its  ordinary  state  will  be  drawn  tow&i'ds  the  excited  body,  and  aftei 
again  driven  from  it  with  a  certain  degree  of  furce. 

Now,  let  the  feather  be  brought  intu  contact  with  the  excited  (jlaas,  so  ■ 
be  repelled  by  that  substance,  and  let  a  piece  of  excited  sealiag-vai  ba  ] 
HenlHd  to  it,  a  degree  of  altraotion  will  be  obsened  far  exceeding  that 
hibited  when  the  feather  is  in  its  ordinary  state.  Or,  again,  let  the  feal 
be  made  repulsive  for  sealing-wax,  and  then  the  excited  glass 

The  reader  will  at  once  sec  the  perfect  parallelism  between  the  effects 
scribed  and  some  of  the  pheaomena  of  mngiietisTu  ;  the  electrical  elciteml 
having  a  twofold  nature,  like  the  opposite  polaritioB  of  the  tuiigiiet.  A  bi 
to  wbich  one  kind  of  excitement  has  been  commuaicatud  Is  attracted 
another  body  !□  the  opposite  state,  and  repelled  by  one  in  the  same  BU 
The  excited  glass  and  resin  being  to  each  other  as  the  north  and  soath  p< 
of  a  pair  of  magaetixed  bars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are  empU^l 
which,  although  originating  in  »ome  measure  in  theoretical  views  of  tha  nrii 
of  the  electrical  disturbance,  may  be  understood  by  the  student  as  pnrdy  < 
bitrsry  and  distincUve:  it  is  customary  to  call  the  electrici  ty  monifeatad. 
glass  rubbed  with  silk  poiitivt  or  vitreaui,  and  that  developed  in  the  ew» 
shellac,  Bad  bodies  of  tjie  same  class  rubbed  with  flannel,  negative  or  rubif 
The  kind  of  electricity  depends  in  some  measure  upon  the  nature  of  the  a 
face  and  the  quality  of  the  rubber;  smooth  glass  rubbed  with  silk  becri 
ordinarily  positive,  but  when  ground  or  roughened  by  sand  or  emery,  it  I 
quires,  under  the  Same  circumstances,  a  negative  charge.  Gloss  dri«d' 
beat  and  rubbed  with  wood  is  generally  also  negative. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken  >tl*) 
tage  of  to  construct  instruments  for  indicating  electrical  excitement  | 
pointing  out  its  kind.  Two  balls  of  alder-pith,  hung  by  threads  or  Terj  t 
metal  wires,  serve  this  purpose  in  many  cases:  they  open  out  whan  exm 
ID  Tirtue  of  their  mutual  repulsion,  and  show  by  the  degree  of  divergH 
the  extent  to  which  the  excitement  has  been  can'ied.  A  pair  of  gold  letf 
suspended  to  a  metal  rod  having  a,  brass  plate  on  its  upper  end  eonstitnU 
much  more  delicate  arrangement,  and  one  of  great  value  in  all  electrical  J 
Tesljgations.  The  rod  should  be  covered  with  a  thick  coating  of  shellac,  I 
it  must  be  fastened  by  means  of  a  cork,  air-tight,  into  a  glass  flask.  1 
Oa»i  aaat  have  been  perfectly  dried  previously  by  warming  it.     These 
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lents  are  called  electroscopes  or  electrometers :  when  excited  by  the  com- 
;ation  of  a  known  kind  of  electricity,  they  show,  by  an  increased  or 


Fig.  67. 


Fig.  68. 


Fig.  69. 


lished  divergence,  the  state  of  an  electrified  body  brought  into  their 
borhood. 

e  kind  of  electricity  can  no  more  be  developed  without  the  other  than 
ind  of  magnetism :  the  rubber  and  the  body  rubbed  always  arssume  op- 
i  states,  and  the  positive  condition  on  the  surface  of  a  mass  of  matter  is 
iably  accompanied  by  a  negative  state  in  all  surrounding  bodies, 
e  induction  of  magnetism  in  soft  iron  has  its  exact  counterpart  in  eleo- 
y :  a  body  already  electrified  disturbs  or  polarizes  the  particles  of  all 
unding  substances  in  the  same  manner  and  according  to  the  same  law, 
ling  a  state  opposite  to  its 
in  the  nearer  portions,  and 
lilar  state  in  the  more  re- 
parts.  A  series  of  globes 
inded  by  silk  threads,  in  the 
Lor  represented,  will  each 
ne  electric  by  induction 
a  charged  body  is  brought 
the  end  of  the  series,  like 
any  pieces  of  iron  in  the 
ty  of  a  magnet,  the  positive 
>f  each  globe  looking  in  one 

he  same  direction,  and  the  negative  half  in  the  opposite  one.     The  posi- 
kud  negative  signs  are  intended  to  represent  the  states, 
e  intensity  of  the  induced  electrical  disturbance  diminishes  with  the 
ice  from  the  charged  body ;  if  this  be  removed  or  discharged,  all  the 
8  cease  at  once. 

far,  the  greatest  resemblance  may  be  traced  between  these  two  sets  of 
3mena;  but  here  it  seems  in  great  measure  to  cease.  The  magnetio 
ity  of  a  piece  of  steel  can  awaken  polarity  in  a  second  piece  in  contact 
it  by  the  act  of  induction,  and  in  so  doing  loses  nothing  whatever  of  its 
r :  this  is  an  effect  completely  different  from  the  apparent  transfer  or 
arge  of  electricity  constantly  witnessed,  which  in  the  air  and  in  liquids 
gives  rise  to  the  appearance  of  a  bright  spark  of  fire.  Indeed,  ordinary 
etic  effects  comprise  two  groups  of  phenomena  only,  those,  namely,  of 
3tion  and  repulsion,  and  those  of  induction.  But  in  electricity,  in  addi- 
o  phenomena  very  closely  resembling  these,  we  have  the  effects  of  <fi<- 
0,  to  which  there  is  nothing  analogous  in  magnetism,  and  which.  tsJL^A 
in  an  instant  when  any  electinfied  body  is  put  in  comm\ni\Q«AiQ'^*f^iO^ 
10 
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the  earth  bj  any  one  of  the  class  of  substances  called  conductors  of  eleetllj 
city ;  all  signs  of  electrical  disturbance  then  ceasing.  , 

These  conductors  of  electricity,  which  thus  permit  discharge  to  take  plsM 
through  their  mass,  are  contrasted  with  another  class  of  substances  c&Il«d 
non-oonductors  or  insulators.  The  difference,  howeyer,  is  oniy  one  of  degree^ 
not  of  kind ;  the  very  best  conductors  offer  a  certain  resistance  to  the  electii- 
cal  discharge,  and  the  most  perfect  insulators  permit  it  to  a  small  extent 
The  metals  are  by  far  the  best  conductors ;  glass,  silk,  shellac,  and  dry  gaSi 
or  yapor  of  any  sort,  the  yery  worst ;  and  between  these  there  are  bodies  c^ 
all  degrees  of  conducting  power. 

Electrical  discharges  take  place  silently  and  without  disturbance  in  good 
conductors  of  sufficient  size.  But  if  the  charge  be  yery  intense,  and  the  con- 
ductor yery  small  or  imperfect  from  its  nature,  it  is  often  destroyed  with 
yiolence. 

When- a  break  is  made  in  a  conductor  employed  in  effecting  the  discharge 
of  a  highly-excited  body,  disruptiye  or  spark-discharge,  so  well  known,  takes 
place  across  the  interyening  air,  proyided  the  ends  of  the  conductor  be  not 
too  distant.  The  electrical  spark  itself  presents  many  points  of  interest  io 
the  modifications  to  which  it  is  liable. 

The  time  of  transit  of  the  electrical  waye  through  a  chain  of  good  con- 
ducting bodies  of  great  length  is  so  minute  as  to  be  altogether  inappreciable 
to  ordinary  means  of  obseryation.  Professor  Wheatstone's  yery  ingenious 
experiments  on  the  subject  giye,  in  the  instance  of  motion  through  a  coppei 
wire,  a  yelocity  surpassing  that  of  light. 

Electrical  excitation  is  apparent  only  upon  the  surfaces  of  bodies,  or  thoM 
portions  directed  towards  other  objects  capable  of  assuming  the  opposite 
state.  An  insulated  ball  charged  with  positiye  electricity,  and  placed  in  tiie 
centre  of  the  room,  is  maintained  in  that  state  by  the  inductiye  action  of  thi 
walls  of  the  apartment,  which  immediately  become  negatiyely  electrified ;  io 
the  interior  of  the  ball  there  is  absolutely  no  electricity  to  be  found,  althoiidi 
it  may  be  constructed  of  open  metal  gauze,  with  meshes  half  an  inch  wid^ 
Eyen  on  the  surface  the  distribution  of  electrical  force  will  not  always  be  Uie 
same :  it  will  depend  upon  the  figure  of  the  body  itself,  and  its  position  with 
regard  to  surrounding  objects.  The  polarity  will  always  be  highest  in  the 
projecting  extremities  of  the  same  conducting  mass,  and  greatest  of  all  when 
these  are  attenuated  to  points  ;  in  which  case  the  inequality  becomes  so  greal 
that  discharge  takes  place  to  the  air,  and  the  excited  condition  cannot  be 
maintained. 

The  construction  and  use  of  the  common  electrical  machine,  and  otbei 
pieces  of  apparatus  of  great  practical  utility,  will,  by  the  aid  of  these  prin- 
ciples, become  intelligible. 

A  glass  cylinder  (fig.  70)  is  mounted  with  its  axis  in  a  horizontal  position,  and 
proyided  with  a  handle  or  winch  by  which  it  may  be  turned.  A  leather  cushioa 
is  made  to  press  by  a  spring  against  one  side  of  the  cylinder,  while  a  large 
metal  conducting  body,  armed  with  a  number  of  points  next  the  glass,  oooii« 
pies  the  other :  both  cushion  and  conductor  are  insulated  by  glass  supports* 
and  to  the  upper  edge  of  the  former  a  piece  of  silk  is  attached  long  enon^ 
to  reach  half  round  the  cylinder.  Upon  the  cushion  is  spread  a  quantity  of 
a  soft  amalgam  of  tin,  zinc,  and  mercury,^  mixed  up  with  a  little  grease:  this 
substance  is  found  by  experience  to  excite  glass  most  powerfully.  The  cylin' 
der  as  it  turns  thus  becomes  charged  by  friction  against  the  rubber,  and  at 
quickly  discharged  by  the  row  of  points  attached  to  the  great  oonductor;  and 
as  the  latter  is  also  completely  insulated,  its  surface  speedily  acquires  S 
charge  of  positiye  electricity,  which  may  be  communicated  by  contact  to  othei 

>  1  part  tin,  1  sine,  and  6  mercnry.    An  amalgam  of  permanent  mftneaB  and  great  effloMH 
if  obtained  by  mixing  65  parts  mercury,  24  tin,  and  11  sine    It  is  better  applied  to  aiUc  tbtf 
io  leather. 
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tamtsteil  bodies.     Tbe  maiimum  effect  ia  produced  irlien  the  rubber  ii  aon- 
'    Beeted  by  >  ohsm  or  wire  with  the  eurtb.     If  negaUye  electrioitj  be  wanted, 
A*  fabbM  Muit  be  iuaulated  and  tbe  conductor  djacbarged. 


Anotbn  lonn  of  tbe  electricnl  machiae  consisti  of  a  cimolar  plate  otghum 
flnriiig  u^Ai  an  aiia,  and  provided  with  two  pairs  of  cnahione  or  mbbem, 
-"     '  - '  »o  Hie  upper  and  lower  parla  of  the  iroodeo  traoM,  ooToted  witfc 
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unslgnm,  ljetwo«n  which  the  pinto  mriTcB  wilh  consiJ»mble  fptaKon.  An  !»• 
■nkted  coniluotor,  nrmed  as  liufnre  witli  poiiitB,  dinchargeB  the  pikte  w  1) 
turns,  tlie  rubbers  boing  at  tlie  Bume  time  oonnecteil  with  the  ground  bj  IIm 
wood-work  of  Ihe  mncliino,  or  by  n  strip  of  metal.  Thia  modifloation  of  tbt 
kppsrstus  ie  prefGrred  in  aII  cb.9cb  whore  conaiderable  power  iB  wanted. 

In  the  practical  manBgemotit  or  eleotricsl  nppsralus,  great  eer*  mnit  bt 
taken  to  prevent  deponitinn  of  moisture  from  ths  air  npOD  the  surfaae  of  tiM 
glaai  supports,  which  xhould  always  be  Tarnished  with  fins  lao  dissoltcd  ia 
alcohol ;  the  slightest  film  of  water  is  sufficient  to  destro;  the  power  of  insqk- 
tioD.  The  rubbers  also  must  be  oarofnlly  itrieit  before  use,  and  the  amalgaM 
renewed  if  needful :  in  damp  wenther  much  troable  hi  often  eipe^enoed  ta 
bringing  tbe  machine  into  powerful  action. 

When  the  conductor  of  the  machine  is  charfced  with  electrieitr,  it  acta  indt 
reotlj  on.  and  Bccumulates  the  contrnrj  elcclricitj  to  its  own.  at  the  anrfku 
of  all  the  surrounding  oonductora.  It  produces  the  greatest  effect  on  tbe  o«v 
dnetor  that  is  oesrcst  to  it,  and  which  is  in  the  best  conneiioa  with  tb* 
ground,  wherebj  the  electricity  of  the  name  kind  as  that  of  the  machine  may 
pass  to  the  earth.  As  tlic  itiducing  electricity  attracts  the  indnoed  electridlj 
of  an  opposite  kind  ;  ho,  on  the  other  hand,  i«  the  former  attraoted  by  the  lat- 
ter. Hence,  the  fluid  which  the  conductor  rccciTes  IVom  the  maebine  amt 
especially  accumulate  at  thnt  spot  to  which  another  good  conduotor  of  alee- 
tricity  is  opposed.  If  a  metal  disc  is  in  connciion  with  tbe  conduotor  oft 
machine,  and  if  another  similar  diao,  which  is  in  good  connexion  with  tbs 
earth,  ia  placed  opposite  to  it,  wo  hare  an  arrangement  by  which  tolerably 
large  and  good  cottducting  surfaces  can  bo  brought  close  to  one  another;  tbu 
tbe  positiTS  condition  of  the  Grst  disc,  as  well  us  the  negative  oonditioii  of  tbi 
other,  must  be  increased  to  a  very  considerable  degree ;  the  limit  ia  in  |U( 
ease,  howoTcr,  soon  reached,  because  the  intervening  air  easily  permita  eptifc- 
diachirge  to  take  place  through  its  gubatance.  With  a  solid  insulating  bodj 
M  glass  or  lac,  this  happens  with  much  greater  difficulty,  even  when  the  plate 
of  insulating  matter  ia  very  thin.  It  ia  on  thia  principle  that  inslrnmento  fl* 
tbe  aceamulation  of  electricity  depend,  among  which  the  Leydeu  jar  is  the  molt 
important. 

A  thin  glass  jar  is  coated  on  both  sides  with  tinfoil,  em 
t'JK- 12.  being  takflta  to  leave  aeveml  inchea  of  the  upper  part  nnoo- 

Torod ;  a  wire,  terminnting  in  a  melnllio  knob,  commnnioelei 
with  the  internal  coating.  When  tbe  outside  of  tbe  Jsrfl 
connected  with  the  eartli,  and  the  knob  put  in  contact  witk 
tbe  conductor  of  the  machine,  tbe  iuner  and  outer  surfseM 
of  the  glAKS  become  respectively  posilive  and  negative,  nntQ 
a  very  great  degree  of  intensity  has  been  attained.  On  eOK- 
pledng  the  oonnozion  between  the  two  coatings  by  a  metsIUt 
wire  or  rod,  discharge  occurs  in  the  form  of  an  eiaeedin^ 
bright  spark,  accompanied  by  a  loud  snap  j  and  if  tbe  body 
be  interposed  in  the  circuit,  the  peculiar  and  disagrsesbll 
sensation  of  the  electric  shock  ia  felt  at  the  moment  of  ili 
oomplelioD. 

By  enlarging  the  dimoasions  of  the  jir,  or  by  conneotlli 
together  a  number  in  such  a  manner  thnt  all  may  be  ohorgM 
and  dischai^ed  simuKancoualy,  the  power  of  the  appnrntua  may  be  greatly 
au[;mentcd.  Thin  wiroa  of  metal  maybe  fused  and  dissipated;  pteeee  ef 
wood  may  be  shattered,  many  combustible  aubstancca  set  on  fire,  and  all  tkt 
woll  known  effects  of  liglitning  exhibited  upon  a  small  seals. 

The  electric  aparkis  often  very  conveniently  eniployed  in  chemical  inqoblel 
for  firing  gaseous  mixtures  in  close  vessels.  A  small  Loyden  jtir  charged  by 
tbe  machine  is  the  most  effective  contrivance  for  this  purposs  ;  but.  Dot  neft*' 
qaentij;  a  method  may  be  resorted  to  which  involves  less  preparation.     TUl 
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ihe  use  of  the  electroplioru8.     A  round  tray  or  dish  of  tinned  plate  is 
ed,  having  a  stout  wire  round  its  upper  edge ;  the  width  may  be  about 

inches,  and  the  depth  half  an  inch.  This  tray  is  filled  with  melted 
t,  and  the  surface  rendered  as  even  as  possible.  A  brass  disc,  with 
)d  edge,  of  about  nine  inches  dia- 

is  also  provided,  and  fitted  with  an 
ing  handle.  When  a  spark  is  wanted, 
linous  plate  is  excited  hf  striking  with 

warm  piece  of  fur,  or  a  silk  hand- 
ef ;  the  cover  is  placed  upon  it,  and 
d  by  the  finger.  When  the  cover  is 
,  it  Is  found  so  strongly  charged  by 
ion  with  positive  electricity,  as  to 
bright  spark;  and,  as  the  resin. is 
ichaged  by  the  cover,  which  merely 
ts  it  at  a  few  points,  sparks  may  be 

as  often  as  may  be  wished. 
{  not  known  to  what  cause  the  disturbance  of  the  electrical  eqnilibrium 

atmosphere  is  due ;  experiment  has  shown  that  the  higher  regions  of 
r  are  usually  in  a  positive  state,  the  intensity  of  which  reaches  a  maxi- 
at  a  particular  period  of  the  day.  In  cloudy  and  stormy  weather  the 
»iition  of  the  atmospheric  electricity  become  much  deranged,  cloads  near 
rface  of  the  earth  often  appearing  in  a  negative  state. 

circumstances  of  a  thunderstorm  exactly  resemble  those  of  the  charge 
^charge  of  a  coated  plate  or  jar ;  the  cloud  and  the  earth  represent  the 
9atings,  and  the  intervening  air,  the  bad  conducting  body,  or  ditlutric 
•clarities  of  the  opposed  surface  and  of  the  insulating  medium  between 
become  raised  by  mutual  induction,  until  violent  disruptive  discharge 

place  through  'the  air  itself,  or  through  any  other  bodies  which  may 
n  to  be  in  the  interval.  When  these  are  capable  of  conducting  freely, 
scharge  is  silent  and  harmless ;  but  in  other  cases  it  often  proves  highly 
ictive.  These  dangerous  effects  are  now  in  a  great  measure  obviated  by 
le  of  lightning-rods  attached  to  buildings,  the  erection  of  which,  however, 
ids  a  number  of  precautions  not  always  understood  or  attended  to.     The 

of  ships  may  be  guarded  in  like  manner  by  metal  conductors ;  Sir  W. 
Harris  has  devised  a  most  ingenious  plan  for  the  purpose,  which  is  now 
sd,  with  the  most  complete  success,  in  the  Royal  Navy. 


SLKOTBIO  oubrbnt;  eleotbio  batte&t. 

en  two  solid  conducting  bodies  are  plunged  into  a  liquid  which  acts 
them  unequally,  the  electric  equilibrium  is  also  disturbed,  the  one 
:ing  the  positive  condition,  and  the  other 
tgative.    Thus,  pieces  of  zinc,  e,  and  plati-  Fig.74. 

3,  put  into  dilute  sulphuric  acid,  constitute 
rangement  capable  of  generating  electri- 
rce :  the  zinc  being  the  metal  attacked, 
les  negative ;  and  the  platinum  remain- 
laltered,  assumes  the  positive  condition ; 
•n  making  a  metallic  communication  in 
ray  between  the  two  plates,  discharge 
B,  as  when  the  two  surfaces  of  a  coated 
barged  jar  are  put  into  connexion, 
sooner,  however,  has  this  occurred,  than 
sturbance  is  repeated ;  and  as  these  sue- 
e  charges  and  discharges  take  place 
odi  the  floid  and  metals  with  inooneei¥aU« 
10* 
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rapidity,  the  result  la  kh  spparentl;  aontini 
trieal  anTiHl  is  giTen. 

It  U  neoeasar;  (o  guard  HgaioBt  the  idea,  wbicb  the  term  nnluraDf  giiggestl, 
of  an  hoIdbI  bodil;  trausfor  of  BDniething  througb  the  Hub^itauce  of  tlie  eori' 
daetore,  lilcr  water  through  a,  pipe :  the  real  unture  of  ali  Iheae  phenomenii  ia 
entirel;  uuknovn,  and  ma;  perhaps  remain  to ;  the  expreasion  isoonienlenl  not- 
withstanding,  and  conaecraledb;  long  use;  aud  with  this  saubon,  the  lerydsn- 
gerouB  error  of  applying  flgnraCiia  Jan  gunge  to  dwcriboan  effect,  and  then  seek- 
big  the  nature  of  the  effect  from  the  common  meaniog  of  words,  may  be  avoided. 
The  inteneity  of  the  electrical  exeitemeDt  developed  by  a  single  pair  of 
metals  and  a  liquid  is  too  feoble  to  affect  the  most  delicate  gold-leaf  eiectri)- 
Bonpe ;  but,  by  arran^ng  a  number  of  such  allernntiona  io  a  connected  ieriel, 
in  suoh  a  manner  that  (he  dlrecLion  of  the  onrrent  aball  be  the  same  in  each, 
the  intennity  may  bo  very  greatly  exalted.  The  tvo  iOEtriunents  iuTeuted  bj'j 
Volta,  called  the  pile  and  crown  of  cups,  depend  open  Ihie  prinoiple. 

Upon  a  plate   of  liuo  is   laid  a  piooe  of  cloth,  ntfcer 
¥l«.16.  amaller  than  itself.  Bleeped  in  dilute  aoid.  Or  any  liquid 

capable  of  exerting  chemical  action  upon  the  zhioj  upim 
thia  is  placed  a  ptale  of  copper,  ailier.  or  platinDin ;  then  a 
second  piece  of  liae,  another  cloth,  and  a  plate  of  iuMtir* 
metal,  until  a  pile  of  about  twenty  alternations  baa  been 
built  up.  If  the  two  terminal  platea  be  now  touched  willi 
wet  hands,  the  aensaUoa  of  the  electric  aboelt  will  be  espe- 
rienced ;  but,  unlike  the  momentary  effect  produced  by  tli9 
discharge  of  a  jar,  the  sensntion  can  be  repeated  at  will  by 
repeating  the  contact,  and  with  a  pile  of  one  bujidred  etioli 
pairs,  excited  by  dilute  aoid,  it  will  bo  nenrly  insupportable. 
When  snoh  a  pile  ia  iDsulated,  the  two  oKtreuitiea  eihitiil 
strong  positive  and  negative  statea  ;  ami  when  conoexiun  it 
made  between  them  by  wires  armed  with  poitita  of  hard 
ohnrcool  or  plumbago,  the  diacbarge  takes  place  in  the  form 
of  a  bright  enduring  aparV  or  stream  of  fire. 

The  second  form  of  apparatus,  or  crown  of  cupa,  is  preoisely  the  sameia 
principle,  although  different  in  appearance,    A  number  of  cupa  or  glasses  are 
Yig,  70.  arranged  in  a  row  or  circle,  eacb 

GDutiiiniufT  a  piece  of  active  aid 
a  piece  of  inactire  metal,  and  s 
portion  of  exciting  liquid;  lioc, 
copper,  and  dilute  sulphuric  acid, 
for  example.  The  copper  of  Ihe 
first  cup  is  oonnected  with  the 
line  of  the  second,  the  coppn 
of  the  second  with  the  line  of 
the  third,  and  bo  to  the  end  of 
the  series.  Od  establishing  w 
commanicalion  between  the  Gnl 
and  last  platea  by  means  of  > 
wire,  or  otherwise,  discharge  takes  place  aa  before. 

When  any  such  electrical  arrangement  consists  merely  of  a  single  pair  of 
oonduclora  and  an  interposeii  liquid,  it  is  called  a  simple  circuit;  when  two 
or  more  altemationa  are  concerned,  the  term  "compound  circuit"  is  applied; 
they  are  called  also,  indifferently,  -voltaic  batteriea.  In  every  form  of  such 
apparatus,  however  complex  il  may  appear,  the  direction  of  the  ourroDt  may 
he  easily  understood  and  remembered.  The  polarity  or  diaturbance  may  be 
considered  to  commence  at  the  surface  of  tbe  metal  Attacked,  and  to  he  pro- 
pagated through  the  liquid  to  the  inactive  conductor,  and  thence  back  agitin 
by  the  connecting  wire  ;  these  extremities  of  the  battery  being  alwaya  respect* 
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>r  uonduct- 


her  channal  of  communicanoii ;  neDOe, 
leacribed,  the  current  in  the  biittcrj  it 
od  out  of  the  buttery,  frum  the  copper 
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the  metal  attaeked,  puaees  through  th 
ing  body,  and  retame  b;  the  wire  or  i 
in  Ibe  pile  and  crowa  of  cups  Just 
alwajs  from  tLe  lioc  to  the  copper ; 
to  the  lino,  as  ehowa  by  the  arrons. 

In  the  modificatioD  of  Volta's  original  pile,-  made  by  Mr.  Cruikahank,  the 
■ioo  and  copper  plates  are  Boldered  together  and  cemented  water-light  into  a 
mahogauy  trough,  which  thus  be-  g^  jj 

comes  divided  into  ■  aerios  of  cells 
or  aompartmenta  capable  of  receiv 
iug  the  exciting  liquid.  This  appa- 
ratus is  veil  fitted  to  eihibi  t  effects  of 
temioTiy  to  act  upon  the  electroscope 
•nd  giro  shocks  ;  hence  its  advan- 
tageous employment  in  the  applicatjon  of  electricity  I 
few  minutes  suffices  to  prepare  it  for  use.  The  crown  of  cups  was  aUo  pat 
into  a  much  more  mauageable  form  by  Dr.  Babington,  and  still  farther  im- 
proved, as  will  hereafter  be  seen,  by  Dr.  WollaBton.  Subsequently,  various 
•Iterations  have  been  made  by  different  experimenters  with  a  new  of  obvi- 
«tiag  certain  defects  in  the  common  batteries,  of  which  a  description  will  ba 
.found  t«irards  the  middle  of  the  volume. 

The  term  "  galvanism,"  sometimes  applied  to  this  branch  of  electrioal  soi- 
enee,  is  used  in  honor  of  Frofeasor  QaWani,  of  Bologna,  vho,  in  ITW,  made 
the  Tory  curioua  observation  that  convulsions 
eoold  bs  produced  ia  the  limbs  of  a  dead  frog 
when  oertain  metals  were  made  to  touch  the 
narre  and  muscle  at  the  same  moment.  It 
was  Volta,  however,  who  pointed  out  the  elec- 
trical ori^u  of  these  ipatiouB;  and  although 
the  explanation  he  offered  of  the  source  of  the 
electrical  disturbance  is  no  longer  generally 
adopted,  his  name  is  very  properly  associated 
vith  the  invaluable  instrument  his  genius 
gave  to  soioQoe. 

In  the  year  1B22,  Professor  Beebeck,  of 
Berlin,  discovered  another  source  of  olectri- 
city,  to  which  allusion  has  already  been  made,  namely,  inequality  of  temper- 
ature and  conducting  power  in  different  metals  placed  in  contact,  or  in  the 
same  metal  in  different  states  of  compression  and  density.  Even  with  a  great 
number  of  altemations,  the  current  produced  ia  exceedingly  feeble  compared 
with  that  generated  by  the  voltaic  pile. 

Soll0animal8  of  the  olasa  of  fishes,  as  the  torpedo  or  eltelrtc  ray,  and  the 
tleetrie  tel  of  South  America,  are  furnished  with  a  special  oi-gan  or  apparatus 
for  developing  electrical  force,  which  is  employed  in  defence,  or  in  the  pursuit 
of  prey.  Bleotritnty  is  here  seen  to  be  closely  connected  with  nervous  power ; 
the  shock  is  given  at  the  will  of  the  animal,  and  great  exhaustion  fdllowa 
repeated  exertion  of  the  power.  , 


Fig.  18. 


Although  the  toot  that  electricity  is  capable,  under  certain  oircunstanaes, 
both  of  indneing  and  destroying  magnetism,  has  long  been  known  from  the 
effects  of  lightning  on  the  compass-needle  and  upon  small  steel  arlicles.  as 
knives  and  forks,  to  which  polarity  has  suddenly  been  given  b;  the  stroke,  it 
WM  not  notil  1S19  that  th«  laws  of  these  pheDomena  were  disaoTeitdb^  Vintwuit 
Owitad,  of  OopenbageD,  and  shDrU^afterwardB  fuU;  4ev«\o^\t'j^.  hm^t«. 
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Tbe  action  which  a  ontrent  of  e1«etricil}',  proceeding  Trotn  any  bohtHi,' 
BxerlB  upon  a  mHgnetiied  needle  is  quil«  peculiar.  The  polos  or  cenlr 
magnetlo  TorcH  are  neither  attracted  nor  repelled  bj  tlie  wire  oarrjin^ 
eurrrnl.  bat  taade  to  moTS  around  the  latter,  by  a  forfs  vhicb  aiij  be  termM 
langrntial,  and  which  i*  eierled  in  a  direction  perpendlenlar  at  once  to  thli 
or  the  current,  and  Id  the  line  joining  the  pole  and  the  wire.  Both  poleaa 
the  niNgnet  being  thus  acted  upon  at  the  Esme  lim«,  and  in  contrarj  dilW 
tiona,  the  iteedte  is  Torced  to  arrange  itself  acrosa  the  current,  bo  that  ite  ail^ 
or  the  line  joining  the  poles,  mn;  be  perpondicniar  to  the  wire;  and  thisB 
alwnjB  the  puBitioa  which  the  needle  will  ascnme  when  the  influence  of  tai> 
reElrial  magneliem  is  in  an;  waj  remnved.  This  carion?  angatar  motion  ina|^' 
(Ten  be  shown  by  sut^pending  a  magnet  in  such  a,  nay  that  onl;  one  of  n 
poles  Bhal)  be  iubjeoled  to  the  current;  »  permanent  mDvement  of  rotatiM 
will  ooDlinue  as  long  as  the  ourrent  is  kept  up,  itn  direction  being  obanged  h> 
altering  the  pole  or  roTersing  the  carrent.  The  moiahle  conneetiona  IT 
made  bj  mercury,  into  which  the  points  of  the  conducting-wires  dip.  It! 
^  often  of  great  prBctic4U  ODnsequenoe  to  be  able  to  predict  the  direotiOD  ll 
which  K  particular  pole  shall  move  by  a  given  carrent.  beosuse  in  all  galiana 
BcopoB,  and  other  instmmenia  inToHing  these  principles,  the  moTpment  of  tbi 
needle  is  tnken  as  an  indication  of  the  direction  of  the  circulating  cnrraot 
And  Ibis  is  easily  done  by  e.  simple  mechanical  aid  to  the  memory :  —  Let  llf 
I  onrrent  be  eupposed  to  pass  through  «,  walch  from  the  face  (o  the  back;  tk 

t  motion  of  the  north  pole  will  be  in  the  direction  of  the  hands.     Or  s  liUl 
^ce  of  apparatus  may  be  used  if  reference  is  often  required:  this  is  a  piM 
_,    „                          of  pasteboard,  or  other  suitable  nut«iia^ 
"*■  '"■                         cnt  into  (he  form  of  an  arrow  for  indieatiB 
A                              .the  cnrrenl,  crossed  by  amagnet  hsHngll 
A'K                          J&^             poles  marked,  and  arranged  in  the  tme  pT 
I               Bition  with   respect  to  the   carrent.     Tl 
f=  "^^fiml          f      ^'iii,.ii||i  .ijl     direction  of  the  latter  in  the  wire  of  & 
" IT  '""     galvanoscope    can    at   once  be    known  b 
J  I                               J[                placing  the  representative  magnet  in  tl 
*         I  I                               H                direction  aesamed  b;  the  needle  itself. 
The  common  galTBoosonpc,  consisting  rf 
k  coil  of  wire  baring  a  compass-needle  auspended  on  a  point  wiibin  it,  Ht 
greatly  improved  b;  the  addition  of  a  second  needle,  as  slrend;  in  part  da 
Mribed,  and  by  a  better  mode  of  suspension,  a  long  fibre  of  aitk  being  nee< 
for    the    purpose.       Thl 
^^^  two  needles  are  of  eqM 

^sc=G'==5^  site,  and   magnetiied  « 

^ T  --ad  nearly  ae  possible  to  th( 

^  ife&Ml^  ,,„e   „tent:    they  Ul 

then  immovably  fixed  td 
h  gelber  parallel,  and  wiU 

their  poles  oppoBed,  t: 
hung  with  the  lower  n< 
die  in  the  coil   and   t 

advantage  gained  is  twd 
fold  :  the  system  ia  ojM 
tic,  unaffected,  or  near)] 
BO,  by  the  mngnetism  t 
the  enrth  ;  and  the  oei 
dies  being  both  acted  m 


XLECTBO-MAQNEnSM. 


117 


ng.  n. 


ptrtof  the  eoil  being  strictly  concurrent.  A  divide'l  circle  is  placed  below 
the  vpper  needle,  by  wbich  the  an ;r alar  motion  can  be  ineAj«ured :  and  the 
whole  ii  eDolosed  in  glaaa,  to  shield  the  needles  from  the  agitation  of  the  air. 
The  vfaole  is  shown  in  fig.  80. 

The  Mtion  between  the  pole  and  the  wire  is  mutual,  as  may  be  ^hown  by 
nndcriiig  the  wire  itself  moTable,  and  placing  a  magnet  in  its  Ticinity :  on 
oonpletuig  the  oirouit  the  wire  will  be  put  in  motion,  and,  if  the  arrangement 
pndti^  rotate  aronnd  the  magnetic  pole. 

A  little  eonaidermtion  will  show,  that,  from  the  peculiar  nature  of  the 
dBetroH^ynMnio  foree,  a  wire  carrying  a  current,  bent  into  a  spiral  or  helix, 
Mrt  poesees  the  properties  of  an  ordinary  magnetized  bar,  its  extremities 
bdoBg  attraeted  and  repeDed  by  the  poles  of  a 
wa^pBt,    Such  is  really  found  to  be  the  case,  as 

■ay  be  proTed  by  a  Tariety  of  arrangements,  among     ^jy, ,„f^,^ 

lUdi  it  will  be  sufficient  to  cite  the  beautiful  little     fcr"~C~>s  / 

npentns  of  Professor  de  la  Rive.  —  A  short  wide 

pm  tube  is  fixed  into  a  cork  ring  of  considerable 

ne;  a  little  Toltaic  battery,  consisting  of  a  single 

piir  ti  eopper  and  xinc  plates,  is  fitted  to  the  tube, 

nd  to  these  the  ends  of  the  spiral  are  soldered. 

(b  filling  the  tube  with  dilute  acid,  and  floating 

tke  vhde  in  a  large  basin  of  water,  the  helix  will 

bo  observed  to  arrange    itself   in   the  magnetic 

Beridian,  and  on  trial  it  will  be  found  to  obey  a 

Mgiiethdd  near  it  in  the  most  perfect  manner,  as  long  as  the  current  circulates. 

When  an  electric  current  is  passed  at  right  angles  to  a  piece  of  iron  or  steel, 
the  litter  aoquires  magnetic  polarity,  either  temporary  or 
ptfmsiient  as  the  case  may  be,  the  direction  of  the  current 
iitamiining  the  position  of  the  poles.  This  effect  is  pro- 
digioosly  increased  by  causing  the  current  to  circulate  a 
nnber  of  times  round  the  bar,  which  then  acquires 
extnordinaiy  magnetic  power.  A  piece  of  soft  iron, 
vorked  into  the  form  of  a  horse-shoe,  and  surrounded  by 
ft  soil  of  eopper  wire  covered  with  silk  or  cotton  for  the 
pnpoee  of  insulation,  furnishes  an  excellent  illustration 
of  the  mductiTe  energy  of  the  current  in  this  respect ; 
vhen  Ae  ends  of  the  wire  are  put  into  communication 
vith  a  small  Toltaio  battery  of  a  single  pair  of  plates,  the 
hw  instantly  becomes  so  highly  magnetic  as  to  be  capable 
of  mtiimng  a  yery  heavy  weight. 

ILAmpbre  discovered  in  the  course  of  his  investiga- 
tiflDB  a  number  of  extremely  interesting  phenomena 
i^nHbff  fh>m  the  action  of  electrical  currents  on  each 
ii^Mr,  imich  become  evident  when  arrangements  are  made 
'vgivug  mobility  to  the  conducting-wires.  He  found, 
^  when  two  currents,  flowing  in  the  same  direction, 
vere  made  to  approach  each  other,  strong  attraction  took  place  between  them, 
ftnd,  when  in  opposite  directions,  an  equally  strong  repulsion.  These  effectH, 
^ich  are  not  difficult  to  demonstrate,  have  absolutely  no  relation  that  can 
1m  traced  to  ordinary  electrical  attractions  and  repulsions,  from  which  they 
*Wt  be  carefully  distinguished ;  they  are  purely  dynamic,  having  to  do  with 
Aetricity  in  motion.  M.  Ampfere  founded  upon  this  discovery  a  most 
^Qtifnl  and  ingenious  hypothesis  of  magnetic  actions  in  general,  which 
'Vlftins  very  dearly  the  influence  of  the  current  upon  the  needle. 
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a  a  tnma-rme  cliraoUgik,  fl 
HDner.  magnetluu  MB 
Durreula.     If  Ui«  tm 
the    p1e(itr<i~inBgD«t  C; 
d  with  A  palTanoMro*, 


develop  itiefunetiEm  io  a  tninaTpne 

jlivity   electric 

of  tbe  coil  of  the 

described,  bo  ooniiected  with  n  (calTaiiaMrot, 

he  iron  mngneliied  b;  tbe  Bp)i!icHtioii  of  %_ 

!teel  horse-shoe   niBgael,  a    '    ' 

ends  of  tbe   bar.  ■  monientnrj'  current   irlll  I 

deielopod   In   tbe  vire,  and   pniaird   out   by  V 

iDoveaiant   of   the    naedle.      It   laala    but  ■  abu 

~"ii        r^i      ^      instHDl,  Ihe  needle  relurnlog  after  a  fe«  oMiUlj 

'I  '|o  tions  to  a  BUCe  of  rem.     Un  renioviog  tbe  toags 

I  ■  whereby   tbe  polarity    of  the  iron  is  at  ana* 

1       i  ■  stroked,  a   second   ouri'cnt   or  wme  Kill  bM 

y  ^*r   Jr  apparent,  but  in  tbe  opposite  dire 

the  first.  By  etiiploying  a  very  poverful  I 
magnet,  surrounding  ile  iron  keeper  or  a: 
il  of  wire,  and  then  making  the  armalare  iteelf  r  . 
f  Ihe  magnet,  bo  that  ita  induced  polarity  shall  be  raploB 
reToraed,  mngneto-ctsctric  currents  may  be  produced,  of  HUt^h  intensity  al 
give  bright  sparha  Bud  most  powerful  abocks,  and  eihihil  all  the  phenom 
of  Toltaio  eleotricity.     Fig.  84  represents  a  Tery  powerful  arrangement  of  th 


nilh  a  very  long  oc 
front  of  tbe  fiieea  < 


When  two  ooiered  wires  are  twisted  tojtetlier  or  laid  side  by  aide  tor  M 
distance,  and  a  current  tranamitted  through  the  one.  a  momeuts.r]'  elMtrllfl 
wave  will  be  induced  in  tbe  other  in  Ihe  rererse  direction,  and  on  breakjf^ 
oonneiion  with  the  bntlery,  a  second  single  wave  will  become  evident  by  tl 
Bid  of  the  gnlvnnoscope,  in  the  same  direction  as  that  of  the  primary  ci 
In  tbe  same  way  when  a  current  of  electrioity  pnn^es  tlirou(;b  one  turn  in  11 
ooil  of  wire,  it  induces  two  secondary  currents  in  nil  tho  other  tu  "    " 

coil;  when  tbe  cirouit  ia  closed,  tbe  first  is  moving  Ln  tbe  oppoait«  dlrMtioM 
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to  the  primarir  earrent ;  the  second,  when  Ihe  circuit  is  broken,  has  a  moUou 
in  the  Sftme  direction  fls  the  |)rimBry  current.  The  effect  of  the  latter  ia 
added  to  that  of  the  primarj  currtct.  Hence,  if  a  wire  ooil  bo  made  part  of 
the  condncdng  wire  of  a  veak  electric  pile,  and  if  the  primary  ourrenl,  by 
meanH  of  an  appropriate  arrangenient,  be  made  and  bruken  in  rapid  succee- 
sioD,  we  can  increase  in  a  remarkable  manner  the  effects  irhioh  are  produced 
at  the  moment  of  braaking  the  circuit  either  at  Ihe  place  of  interraption  — 
BQoh  as  the  Bpark-discharges  —  or,  in  secondary  closing  conductors,  such  aa 
the  action  on  the  nerves  or  the  deoompoBition  of  water. 

If  two  copper  wires,  the  ons  above  the  other,  be  twisted  round  the  sama 
hollow  cylinder,  and  one  of  these  wires — for  instance,  tlje  inner  one — be  made 
part  of  a  galvanic  circuit,  a  current  of  short  duration  is  induced  in  the  oater 
wire,  both  by  making  and  hy  breaking  contact.  The  strength  of  this  current 
can  be  very  appreciably  increased  by  filling  the  hollow  cylinder  with  a  bundle 
of  thin  iron  rods,  when  magnetic  and  electrical  induction  are  made  to  co' 
operate.  The  more  frequently  contact  is  alternately  made  and  broken,  the 
greater  is  the  number  of  induced  currents  that  follow  each  other,  and  the 
more  poworfal,  within  certain  limits,  is  the  action.  Dr.  Neef  has  eonstruoted 
an  ingenious  contrivance,  in  which  contact  is  made  and  broken  by  the  current 
itself,  whereby  his  induction  apparatus  actually  becomes  an  electrical  machine. 
Fig,  86  eiMbite  the  original  apparatus  sligtatl;  modified.     The  airaDgameiLt 


eaaentially  oonsiats  in  an  elastic  copper  stripe  a  a',  which  ia  fixed  at  a',  and 
carrying  at  A  a  small  plate  of  soft  iron.  The  latter  hangs  over  the  iron  rodi 
of  the  induction  coil,  which  are  somewhat  raised  in  this  particular  point,  but 
withoQt  touching  them.  The  end.  a,  of  Ihe  copper  stripe  is  covered  with  a 
tittle  plate  of  platinum,  which  presses  against  a  plaUnum  point  of  the  sarew.  e. 
The  current,  having  traversed  the  inner  coil,  passes  from  the  point,  c,  to  the 
plate,  a,  in  order  to  return  through  the  copper  stripe,  a  a',  and  the  wire  »'. 
By  the  passage  of  the  earrent  the  iron  rods  have  become  magnetic  and  sttraol 
the  iron  plate,  b.  whereby  the  end,  a,  of  the  copper  stripe  is  removed  from 
the  platinum  point,  and  contact  is  broken.  But  as  soon  as  the  cnrreiil 
ceases,  the  iron  rods  lose  their  magnetism,  the  elastic  copper  stripe  returna  to 
ita  former  position,  and  establishes  again  the  current  for  a  short  period.  By 
the  Bcrews,  t  and  d,  the  position  of  the  spring  is  regnlaled,  and  the  Umo  of  its 
OBoillationB,  the  velocity  of  which  may  be  estimated  by  Ihe  pitch  of  the  not-^a 
prodnoed.    This  apparatus,  which  was  Grst  made  by  L>r,  Neef,  la  l&Sfl,  lua 
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been  considerably  improved  within  the  lost  few  years.  M.  Rhomkorff,  espe* 
oially,  by  a  more  perfect  isolation  of  the  wire  coils,  has  to  a  much  greater 
extent  succeeded  in  preserving  the  electrical  induction.  He  has  thus  obtained 
a  state  of  electrical  tension  which  resembles  that  produced  by  fHctional 
electricity ;  the  spark  is  capable  of  crossing  the  air  in  measurable  distances, 
not  in  isolated  discharges,  but  in  streams  of' brilliant  light  The  shocks  of 
this  apparatus  resemble  those  of  a  moderate  Leyden  jar,  but  differ  from  the 
latter  by  the  rapidity  with  which  they  may  be  repeated  at  pleasure.  By 
means  of  RuhmkorfTs  coil,  Grove  has  lately  effected  decomposition  in  water 
and  other  bad-conducting  liquids,  which  resemble  those  obtained  nuuiy  yean 
ago  by  Wollaston  by  means  of  the  electrical  machine.  Those  phenomena  of 
decomposition  which  in  water,  for  instance,  furnish  oxygen  and  hydrogen  at 
the  same  pole,  must  be  distinguished  from  true  electrical  deoompodtioas; 
Uiey  are,  in  fact,  effects  of  heat,  as  Grove  has  pointed  cot 
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The  electricity  exhibited  under  certain  peculiar  oircumstsnoes  bj  *  jet  <if 
steam,  first  observed  by  mere  accident,  but  since  closely  investigated  by  ]fr. 
Armstrong,  and  also  by  Mr.  Faraday,  is  now  referred  to  the  friction,  not  of 
the  pure  steam  itself,  but  of  particles  of  condensed  water,  against  the  interior 
of  the  exit  tube.  It  has  been  proved  with  certainty  in  the  last  few  years  that 
evaporation  alone  is  not  capable  of  disturbing  the  electrical  eqnilibrinm,  and 
the  hope  first  entertained,  that  these  phenomena  would  throw  light  upon  the 
cause  of  electrical  excitement  in  the  atmosphere,  is  now  abandoned.  The 
steam  is  usually  positive,  if  the  jet-pipe  be  constructed  of  wood  or  dean 
metal,  but  the  introduction  of  the  smallest  trace  of  oily  matter  canses  • 
change  of  sign.  The  intensity  of  the  change  is,  cetteru  paribus^  inersssed 
with  the  elastic  force  of  the  steam.  By  this  means  effects  have  been  obtained 
very  far  surpassing  those  of  the  most  powerful  plate  electrical  machines  ew 
constructed. 

Although  no  electricity  can  be  directly  evolved  by  evaporation,  yet  v^MT 
possesses  in  a  high  degree  the  property  of  discharging  into  the  atmoq>hfft 
that  electricity  which  often  accumulates  in  those  bodies  from  which  it  ariieii 
The  fresh  branches  and  leaves  of  trees  do  this  to  the  greatest  extent  Wh« 
moistened  with  rain  or  dew  their  surfaces  become  positively  eleetrieal,  wliiM 
the  internal  parts,  even  to  the  roots,  become  negatively  electricaL 


\ 
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CHEMISTRY  OF  ELEMENTARY  BODIES. 

m  element  or  elementary/  substance  is  applied  in  chemistry  to  those 
aodifications  of  matter  which  have  hitherto  reisisted  all  attempts  to 
)  them.  Nothing  is  ever  meant  to  be  affirmed  concerning  their  real 
ey  are  simply  elements  to  us  at  the  present  time ;  hereafter,  by  new 
f  research,  or  by  new  combinations  of  those  already  posssesed  by 
any  of  the  substances  which  now  figure  as  elements  may  possibly 
to  be  compounds :  this  has  already  happened,  and  may  again  take 

mentary  bodies,  at  present  recognized,  amount  to  sixty-two  in 
3f  these,  about  forty-seven  belong  to  the  class  of  metals.  Several 
re  of  recent  discovery  and  as  yet  very  imperfectly  known.  The 
I  between  metals  and  non-metallic  substances,  although  very  con- 
r  purposes  of  description,  is  entirely  arbitrary,  since  the  two  classes 
nto  each  other  in  the  most  complete  manner. 

e  proper  to  commence  with  the  latter,  and  less  numerous  division, 
nts  are  named  as  in  the  subjoined  table,  which,  however,  does  not 
le  order  in  which  they  will  be  discussed. 


italUe 

mts. 

Metals. 

Antimony 

Gold 

Barium 

en 

Chromium 

Aluminium 

Strontium 

1 

Vanadium 

Beryllium 

Calcium 

Tungsten 

for  Glucinum) 

Magnesium 

(or  Wolfram 

Zirconium 

Zinc 

5 

Molybdenum 

Norium 

Cadmium 

J 

Tantalum 

Thorium 

Nickel 

(or  Columbium) 

Yttrium 

Cobalt 

Niobium 

Cerium 

Copper 

Pelopium 

Erbium 

Iron 

■ 

Titanium 

Terbium 

Manganese 

n 

Uranium 

Lantanum 

Lithium 

)rus 

Platinum 

Didymium 

Sodium 

^^^ 

Palladium 

Bismuth 

Potassium 

f  interme* 

Rhodium 

Tin 

xacters. 

Iridium 

Mercury 

Ruthenium 

Silver 

m 

Osmium 

Lead 

OXYGEN. 

9r  plan  of  classification,  founded  on  the  natural  relations  of  the 
be  adopted,  in  the  practical  study  of  chemistry,  it  will  always  be 
it  advantageous  to  commence  with  the  consideration  of  the  great 
ts  of  the  ocean  and  the  atmosphere. 
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Oiygen  was  diBcoierod  in  the  year  1774,  by  Scboelo,  in  SwedaD,  bod  Ttl 
FrietillG.v,  in  Kn^lanil,  mileponiientlj  of  each  oClier,  anil  described  under  th* 
terms  impi/rral  air  and  drpklogitlicaUd  air.  The  name  aiygen  '  waa  gfren  lo 
it  hy  I.iiToisier  Bome  time  aftcrwanli.  Oijgen  eiiatain  a  free  and  unOomMlwd 
state  in  the  atmosphere,  mingleit  with  anutlier  gaseous  body,  oitrogea:  M 
Tery  good  direet  means  exist,  however,  for  separating  it  from  the  latter,  and, 
aecnrtlingly,  it  ia  always  obtained  for  parposes  of  eiperiment  by  deoompoOBg 
oertatD  of  its  compounds,  which  are  very  nnmerous. 

The  red  oxide  of  mercury,  or  rtd  pTieipitatt  of  the  old  writers,  may  be  em- 
ployed with  this  view.  In  this  substance  tlie  attnotioD  which  holds  together 
the  mercury  and  the  aiygen  is  so  feeble,  thst  simple  eipoaare  to  heat  snffict* 
to  brinf;  about  ile  corn  position.  The  red  precipitate  ia  plivced  in  a  abort  tab* 
of  hard  glaas,  lo  which  is  fitted  a  perforated  cork,  furaished  with  a  piece  of 
narrow  glass  tube,  bent  as  in  the  figure.  The  heat  of  a  spiril-lamp  lMsli( 
applied  to  the  substance,  decorapoeilioQ  speedily  commenceB,  glabolei  it 
metallic  mercury  collect  in  the  cool  pnrt  of  the  wide  tube,  whioh  anawn*  th( 
purpose  of  a  retort,  while  gas  isBues  in  consirlerable  qoandty  from  the  appa- 
ratus.' This  gas  is  collected  nnil  exnminril  by  the  aid  of  the  pnennatia 
trough,  which  consists  of  a  Tesanl  nf  \\i\ifv  [novided  with  a  shelf,  upon  which 
Slanda  the  jnrs  or  bottles  deatine'l  In  m.e\ye  the  gas  filled  with  water  andifr 
Terted.  By  keeping  the  level  of  the  liquid  above  the  mouth  of  the  jar,  th* 
w»t«r  is  retained  in  the  latter  by  the  presBar«  of  the  atmoaphare,  and  ea- 
trance  of  air  is  premtad. 
>i(.  u.  When    brought   onr  Ih* 

eitrenuty  «f  th*  ga*-d«- 
Uvering  tube,  tha  babbht 
of  gaa  riung  throngli  tkt 
water  ooUeot  in  tha  nppv 
part  of  the  jar  anddiipllM 
the  liquid.  At  soon  at 
one  jar  is  filled,  it  majr  bt 
removed,  atiS  kM|riiig  itl 


The  eiperiment  daMlb- 


an  excellent  ohm  of  (ha  ra- 
solution  by  simple  HMiia 
of  a  componnd  body  iota 
its  coDstitDenls,  thanmla- 
able  as  a  source  of  oiygtn 
goB.  A  better  and  man 
economical  method  I),  to 
expose  to  hent  in  a  ratart, 
of  the  salt  called  chlorate  af 
perfectly  weU,  tha  h«at  of  a  ipirit- 
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lamp  being  sufficient.  The  salt  melts  and  decomposes  with  eballition,  yielding 
a  very  large  quantity  of  oxygen  gas,  which  may  be  collected  in  the  way  above 
described.  The  first  portion  of  the  gas  often  contains  a  little  chlorine.  The 
white  saline  residue  in  the  flask  is  chloride  of  potassium.  This  plan,  which 
is  very  easy  of  execution,  is  always  adopted  when  very  pure  gas  is  required 
for  analytical  purposes.^ 

A  third  method,  very  good  when  perfect  purity  is  not  demanded,  is  to  heat 
to  redness,  in  an  iron  retort  or  gun-barrel,  the  black  oxide  of  manganese  of 
sommerce,  which  under  these  circumstances  suffers  decomposition,  although 
not  to  the  extent  manifest  in  the  red  precipitate.' 

If  a  little  of  the  black  oxide  of  manganese  be  finely  powdered  and  mixed 
with  chlorate  of  potassa,  and  this  mixture  heated  in  *a  flask  or  retort  by  a 
lamp,  oxygen  will  be  disengaged  with  the  utmost  facility,  and  at  a  far  lower 
temperature  than  when  the  chlorate  alone  is  used.  All  the  oxygen  comes 
flrom  the  chlorate,  the  manganese  remaining  quite  unaltered.  The  materials 
should  be  well  dried  in  a  capsule  before  their  introduction  into  the  flask.'  A 
•similar  disengagement  of  oxygen  takes  place  if  a  solution  of  chloride  of  lime 
(bleaching  powder)  be  gently  warmed  with  a  small  quantity  of  hydrated  prot- 
oxide of  cobalt  In  this  reaction  the  whole  amount  of  oxygen  contained  in 
the  cnloride  of  lime  is  given  off,  the  protoxide  of  cobalt  remaining  unaltered. 
These  experiments  afford  an  instance  of  an  effect  by  no  means  rare,  in  which 
a  body  seems  to  act  by  its  mere  presence,  without  taking  any  obvious  part  in 
the  change  brought  about. 

Whatever  method  be  chosen — and  the  same  remark  applies  to  the  collection 
of  all  other  gases  by  similar  means — the  first  portions  of  gas  must  be  suffered 
to  escape,  or  be  received  apart,  as  they  are  contaminated  by  the  atmospherio 
air  of  Uie  apparatus.     The  practical  management  of  gases  is  a  point  of  great 
importance  to  the  chemical  stu- 
dent, and  one  with  which  he  must  Fig*  S7. 
endeavor  to  familiarize  himself. 
The  water-trough  just  described  is 
one  of  the  most  indispensable  ar- 
ticles of  the  laboratory,  and  by  its 
aid  all  experiments  on  gases  are 
carried  on  when  the  gases  them- 
selves are  not  sensibly  acted  upon 
by  water.   The  trough  is  best  con- 
stmcted  of  japanned  copper,  the 
form  and  dimensions  being  regu- 
lated  by   the  magnitude  of   the 
jars.     It  should  have  a  firm  shelf, 
so  arranged  as  to  be  always  about 
an  inch  below  the  level  of  the 
water,  and  in  the  shelf  a  groove  should  be  made  about  half  an  inch  in  width, 
and  the  same  in  depth,  to  admit  the  extremity  of  the  delivery-tube  beneath 
the  jar,  which  stands  securely  upon  the  shelf.     When  the  pneumatic  trough 
b  required  of  tolerably  large  dimensions,  it  may  with  great  advantage  have 
the  form  and  disposition  represented  in  the  cut  (fig.  87),  and  the  end  of  the 
groove  spoken  of,  which  crosses  the  shelf  or  shallow  portion,  is  shown  at  a, 

«  K0.CH)5  = 

Gblorate  of  potassa. 
•        8Mn02  = 

Binozide  of  maaganese. 


Oxygen. 


Proto-Hesquioxide  of 
manganese. 

*  [It  is  important  that  the  oxide  of  manganese  should  be  of  ihir  quality,  at  any  rate  to  con- 
tain no  oombattible  substance.    Explosions  have  resulted  from  want  of  preoautlou  Vn.  ^&^ 
fcspect,    A  preliminiary  trial  of  a  small  quantity  of  the  mixture  by  bfiaXVa^  VX.  Vn.  vn  Nx^'a 
«HHra]«  fhoiud  alwayrtte  made  wbea  the  slightest  doubt  exists.— iU  ly\ 


KCl. 

Chloride  of  potassium. 
MnO,  MmOs 


124 


OXTQEN. 


runaferrad  from  jur  to  jnr  with  the  ntmost  faciUtj,  by  first  fiDilli 
tBo  Teesel  into  which  the  gas  ia  fo  be  pnsaed  with  wafer,  inTerting  it,  careM; 
retaining  its  mouth  below  the  wnler-leTel.  and  theti  bringing  beaestb  it  On 
aperture  of  the  jar  containing  the  gas.  On  gently  inclining  the  latter,  tt< 
gas  passes  by  a  kind  of  inTerted  deoantation  into  the  second  Tessel.  Wlwi 
the  latter  is  narrow,  a  funnel  may  be  placed  tooaely  in  its  neck,  by  whidi  IM 
of  gas  will  be  foand  to  be  prcTented. 
A  Jar  wholly  or  partially  filled  with  gas  at  the  pnenmntio  trough  may  U 
reinoied  by  placing  beneath  it  a  sballow  baita, 
ng.  88.  or  even  a  common  plate,  so  na  to  carry  awu 

enongh  water  to  cdtot  tJie  edge  of  tlie  jar ;  tM 
many  gases,  especially  oiygen,  may  be  m  pn- 
seried  for  many  houra  without  material  ti- 

Oas-jars  are  often  capped  at  the  top,  ui 
fitted  with  a  gtop-cock  for  tranafarrlDg  gu  I* 
bladders  or  caoutchouc  bags.  When  sndi  i 
vessel  is  to  be  filled  with  water,  it  may  bt 
slowly  sank  in  an  upright  position  in  tlie  wd 
of  the  pneumatio  trough,  the  stop-cock  b^ 
open  to  allow  tho  air  to  escape,  antil  the  waW 
reaches  the  brass  cap.  The  oock  ia  (hen  tdbl 
turned,  and  the  jar  lifted  upon  the  shelf,  ui 
filled  with  gas  in  the  usual  way.  If  the  trough 
be  net  deep  enough  for  this  method  of  pit* 
ceeding,  the  mouth  may  be  applied  to  tltf 
itop-oook,  and  the  vessel  filled  by  sucking  out  the  air  until  the  water  risea  W 
the  cap.  In  all  cases  it  is  proper  to  avoid  as  much  as  possible  wetting  tbi 
etop-oocks  luid  other  brass  apparatus. 

Mr.  Pepys  contrived  Diany  years  ago  an  admirable  piece  of  apparatus  fir 
storing  and  retaining  large  qntati- 
ng.89.  ties  of  gas.     It  consists  of  a  dron 

or  reservoir  of  sheet-copper,  fl,  l^^ 
mounted  by  a  shallow  trough  or  d>- 
tern,  rf,  the  communication  bet««" 
tho  two  being  made  by  a  oonple  of 
tubes,  i  c,  furnished  with  atnp-ooet^ 
one  of  which,  e,  passes  nearly  to  Un 
bottom  of  the  drum,  as  showb  In  ll" 
sectional  sketch.  A  short,  wide, 
open  tub«,  I,  is  inserted  ohUqntlT 
near  tbe  bottom  of  the  vessel,  hito 
which  a  plug  maybe  tightly  screwrf- 
A  slop-cook,  6,  near  tho  top,  sen* 
to  transfer  gas  to  a  bladder  or  tnbf 
apparatus.  A  glass  watei^gange,  / 
afGied  to  the  side  of  the  drum,  at"! 
communicating  with  both  top  so' 
bottom,  indicates  the  level  of  thi 
liijuid  within. 

To  use  the  gas-holder,  the  plug  ^ 
first  to  be  screwed  into  the  lowe: 
opening,  and  the  drum  complotfll; 
filled  with  water.  All  three  stop-cocka  are  then  to  be  closed,  and  the  pl»l 
removed.  The  pressure  of  the  atmosphere  retains  the  water  in  the  p^ 
holder,  and  if  no  air-leakage  occur,  tbe  escape  of  water  is  inconsideraUl 
Tie  eitrsmi^  of  the  delivery-tube  is  now  to  be  well  pushed  tbroogh  the  op«i 
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aperture  into  the  drum,  so  that  the  bubbles  of  gas  may  rise  without  hindrance 
to  the  upper  part,  displacing  the  water,  which  flows  out  in  the  same  propor- 
tion into  a  Tesssl  placed  for  its  reception.  When  the  drum  is  filled,  or  enough 
gas  has  been  collected,  the  tube  is  withdrawn  and  the  plug  screwed  into  itf 
place.  ^ 

When  a  portion  of  the  gas  is  to  be  transferred  to  a  jar,  the  latter  is  to  be 
filled  with  water  at  the  pneumatic  trough,  carried  by  the  help  of  a  basin  or 
plate  to  the  cistern  of  the  gas-holder,  and  placed  over  the  shorter  tube.  On 
opening  the  cock  of  the  neighboring  tube,  the  hydrostatic  pressure  of  the 
column  of  water  will  cause  compression  of  the  gas,  and  increase  its  elastic 
force,  so  that  on  gently  turning  the  cock  beneath  the  jar,  it  will  ascend  into 
the  latter  in  a  rapid  stream  of  bubbles.  The  jar,  when  filled,  may  again  have 
the  plate  slipped  beneath  it,  and  be  removed  without  difficulty. 

Oxygen,  when  free  or  uncombined,  is  only  known  in  the  gaseous  state ;  all 
attempts  to  reduce  it  to  the  liquid  or  solid  condition  by  cold  and  pressure 
having  completely  failed.  It  is,  when  pure,  colorless,  tasteless,  and  inodorous, 
the  sustaining  principle  of  animal  life,  and  of  all  the  ordinary  phenomena  of 
combustion. 

Bodies  which  bum  in  the  air,  burn  with  great  increased  splendor  in  oxygen 
gas.  If  a  taper  be  blown  out,  and  then  introduced  while  the  wick  remains 
red-hot,  it  is  instantly  rekindled :  a  slip  of  wood  or  a  match  is  relighted  in 
the  same  manner.  This  effect  is  highly  characteristic  of  oxygen,  there  being 
but  one  other  gas  which  possesses  the  same  property ;  and  this  is  easily  dis- 
tinguished by  other  means.  The  experiment  with  the  match  is  also  constantly 
used  as  a  rude  test  of  the  purity  of  the  gas  when  it  is  about  to  be  collected 
from  the  retort,  or  when  it  has  stood  some  time  in  contact  with  water  exposed 
to  air. 

When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plunged  with  a  single  point 
red  hot  into  a  jar  of  oxygen,  it  burns  with  great  brilliancy,  throwing  off  beau- 
tiful scintillations,  until,  if  the  oxygen  be  in  excess,  it  is  completely  consumed. 
Ad  iron  wire,  or,  still  better,  a  steel  watch-spring,  armed  at  its  extremity 
with  a  bit  of  lighted  amadou,  and  introduced  into  a  vessel  of  oxygen  gas, 
exhibits  a  most  beautiful  appearance  of  combustion.  If  the  experiment  be 
made  in  a  jar  standing  on  a  plate,  the  fused  globules  of  black  oxide  of  iron 
fix  themselves  in  the  glaze  of  the  latter,  after  falling  through  a  stratum  of 
water  half  an  inch  in  depth.  Kindled  sulphur  burns  with  great  beauty  in 
oxygen,  and  phosphorus,  under  similar  circumstances,  exhibits  a  splendor 
which  the  eye  is  unable  to  support. 

In  these  and  many  other  similar  cases  which  might  be  mentioned,  the  same 
ultimate  effect  is  produced  as  in  atmospheric  air;  the  action  is,  however, 
more  energetic,  from  the  absence  of  the  gas  which  in  the  air  dilutes  the 
oxygen,  and  enfeebles  its  chemical  powers.  The  process  of  respiration  in 
animals  is  an  effect  of  the  same  nature  as  common  combustion.  The  blood 
contains  substances  which  slowly  burn  by  the  aid  of  the  oxygen  thus  introduced 
into  the  system.     When  this  action  ceases,  life  becomes  extinct. 

Oxygen  is  bulk  for  bulk  a  little  heavier  than  atmospheric  air,  which  is 
usually  taken  as  the  standard  of  unity  for  the  specific  gravity  of  gases.  Its 
specific  gravity  is  expressed  by  the  number  1*1057  ;^  100  cubic  inches  at  60® 
(15°*5C),  and  under  the  mean  pressure  of  the  atmosphere,  that  is,  30  inches 
of  mercury,  weigh  84*29  grains. 

It  has  been  already  remarked,  that  to  determine  with  the  utmost  degree  of 
accuracy  the  specific  gravity  of  a  gas  is  an  operation  of  very  great  practical 
difficulty,  but  at  the  same  time  of  very  great  importance.  There  are  several 
methods  which  may  be  adopted  for  this  purpose :  the  one  below  described 
appears,  on  the  whole,  to  be  the  simplest  and  best.     It  requires,  however, 

*  DumaBf  Ann.  Gbim.  et  Pbys.,  8d  Mriet,  iii.  216. 
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the  most  scrupalons  care,  and  the  obt<ervAnce  of  a  number  of  minute  precau- 
tions, which  are  absolutely  indispeui^able  to  success. 

The  plan  of  the  operation  is  as  follows:  —  A  large  glass  globe  is  to  be 
filled  with  the  gas  to  be  examined,  in  a  perfectly  pure  and  dry  state,  having 
a  known  temperature,  and  an  elastic  force  equal  to  that  of  the  atmosphere  at 
the  time  of  the  experiment.  The  globe  so  filled  is  to  be  weighed.  It  is  than 
to  be  exhausted  at  the  air-pump  as  far  as  conyenient,  and  again  weighed. 
Lastly,  it  is  to  be  filled  with  dry  air,  the  temperature  and  pressure  of  wliich 
are  known,  and  its  weight  once  more  determined.  On  the  supposition  that 
the  temperature  and  elasticity  are  the  same  in  both  cases,  the  specific  grsfity 
is  nt  once  obtained  by  dividing  the  weight  of  the  gas  by  that  of  the  air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a  brass  cap, 
surmounted  by  a  small  but  excellent  stop-cock.  A  delicate  thermometer 
should  be  placed  in  the  inside  of  the  globe  secured  to  the  cap.  The  gas  must 
be  generated  at  the  moment,  and  conducted  at  once  into  the  preyiously- 
exhausted  vessel,  through  a  long  tube  filled  with  fragments  of  pumice 
moistened  with  oil  of  vitriol,  or  some  other  extremely- hygroscopic  substance, 
by  which  it  is  freed  from  all  moisture.  As  the  gas  is  necessarily  generated 
under  some  pressure,  the  elasticity  of  that  contained  in  the  filled  globe  iHll 
slightly  exceed  the  pressure  of  the  atmosphere;  and  this  is  an  adntntage, 
since  by  opening  the  stop-cock  for  a  single  instant  when  the  globe  has  attained 
an  equilibrium  of  temperature,  the  tension  becomes  exactly  that  of  the  air,  so 
that  all  barometrical  correction  is  avoided,  unless  the  pressure  of  the  atmos- 
phere should  sensibly  vary  during  the  time  occupied  by  the  experiment  It 
is  hardly  necessary  to  remark^  that  the  greatest  care  must  also  be  taken  to 
purify  and  dry  the  air  used  as  the  standard  of  comparison,  and  to  bring  both 
gas  and  air  as  nearly  as  possible  to  the  same  temperature,  to  obviate  the 
necessity  of  a  correction,  or  at  least  to  diminish  almost  to  nothing  the  erron 
involved  by  such  a  process. 

The  compounds  formed  by  the  direct  union  of  oxygen  with  other  bodieSi 
bear  the  general  name  of  oxides :  these  are  very  numerous  and  important 
They  are  conveniently  divided  into  three  principal  groups  or  classes.  Tlie 
first  division  contains  all  those  oxides  which  resemble  in  their  chemical  rela- 
tions potassa,  soda,  or  the  oxide  of  silver  or  of  lead :  these  are  denominated 
alkaline  or  basic  oxides,  or  sometimes  salifiable  bates.  The  oxides  of  the  second 
group  have  properties  exactly  opposed  to  those  of  the  bodies  mentioned ;  oil 
of  vitiiol  and  phosphoric  acid  may  be  taken  as  the  typical  representatives  of 
the  class :  they  are  called  acidsj  and  they  tend  strongly  to  unite  with  the  basic 
oxides.  When  this  happens,  what  is  called  a  salt  is  generated,  as  sulphate  of 
potassa,  or  phosphate  of  silver,  each  of  these  substances  being  compounded 
of  a  pair  of  oxides,  one  of  which  is  highly  basic  and  the  other  highly  acid. 

Then  there  remains  a  third  group  of  what  may  be  termed  neutral  oxidei» 
from  their  slight  disposition  to  enter  into  combination.  The  black  oxide  of 
manganese,  already  mentioned,  is  an  excellent  example. 

It  very  frequently  happens  that  a  body  is  capable  of  uniting  with  oxygen  in 
several  proportions,  forming  a  series  of  oxides,  to  which  it  is  necessary  to  give 
distinguishing  names.  The  rule  in  such  cases  is  very  simple,  at  least  when 
the  oxides  of  the  metals  are  concerned.  In  such  a  series  it  is  always  found 
that  one  out  of  the  number  has  a  strongly-marked  basic  character ;  to  this  the 
term  protoxide  is  generally  given.  The  compounds  next  succeeding  receive 
the  names  of  binoxide  or  deutoxidey  teroxide  or  tritoxide,  &c.,  from  the  Latin  and 
Greek  nuniernls,  the  different  grades  of  oxidation  being  thus  indicated.  If 
there  be  a  compound  between  the  protoxide  and,  binoxide,  the  name  setfyiir 
oxide  is  usually  applied.  So  it  is  usual  to  call  the  highest  oxide,  not  having 
distinctly  acid  characters,  peroxide,  from  the  Latin  prefix,  signifying  excess. 
Any  compound  containing  less  oxygen  than  the  protoxide,  is  called  a  tubwdd^ 
Superoxide  or  hyperoxide  is  a  word  sometimes  used  instead  of  peroxide 
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Oione. — It  has  long  been  known  that  dry  oxygen,  oi  atmospheric  air,  when 
exposed  to  the  passage  of  a  series  of  electric  sparks,  emits  a  peculiar  and  some- 
what metallic  odor.  The  same  odor  may  be  imparted  to  moist  oxygen,  by 
allowing  phosphorus  to  remain  for  some  time  in  it,  and  by  seyeral  other  pro* 
eesses.  A  more  accurate  examination  of  this  odorous  air  has  shown  that,  in 
addition  to  the  smell,  it  assumes  several  properties  not  exhibited  by  pure 
oxygen.  One  of  its  most  curious  effects  is  the  liberation  of  iodine  from  iodide 
of  potassium.  This  odorous  principle  has  been  the  subject  of  many  researches 
lately — particularly  by  Prof.  Schoenbein,  of  Basle,  who  proposed  the  name 
of  ozone  ^  for  it.  Ozone,  as  produced  by  electrical  processes,  and  according  to 
the  late  researches  of  Dr.  Andrews  from  every  source,  is  a  peculiar  modifica- 
tion of  oxygen,  in  which  the  affinities  of  this  element  are  enhanced  in  a 
remarkable  manner.^    (See  also  ter oxide  of  hydrogen,  p.  136.) 

BTDBOGEN. 

Hydrogen  is  always  obtained  for  experimental  purposes  by  deoxidizing 
water,  of  which  it  forms  a  characteristic  component.' 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings,  or  turnings 
of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion  be  made  red-hot, 
and  then  the  vapor  of  water  transmitted  over  the  heated  metal,  a  large  quan- 
tity of  permanent  gas  will  be  disengaged  from  the  tube,  and  the  iron  will  be 
converted  into  oxide,  and  acquire  an  increase  in  weight.  The  gas  is  hydro- 
gen :  it  may  be  collected  over  water  and  examined. 

When  zinc  is  put  into  water,  chemical  action  of  the  liquid  upon  the  metal 
is  imperceptible ;  but  if  a  little  sulphuric  acid  be  added,  decomposition  of  the 
water  ensues,  the  oxygen  unites  with  the  zinc,  forming  oxide  of  zinc,  which 
is  instantly  dissolved  by  the  acid,  while  the  hydrogen,  previously  in  union 
with  that  oxygen,  is  disengaged  in  the  gaseous  form.  The  reaction  is  repre- 
sented in  the  subjoined  diagram.^ 

Water  J  Hy^^-og^^ Free 

}  Oxygen 

Zinc oxide  of  zinc  \  Sulphate  of 

Sulphoric  acid j  oxide  of  zinc. 

The  simplest  method  of  preparing  the  gas  is  the  following : — A  wide-necked 
bottle  (fig.  90)  is  chosen,  and  fitted  with  a  sound  cork,  perforated  by  two  holes  foi 
the  reception  of  a  small  tube-funnel  reaching  nearly  to  the  bottom  of  the  bottle, 
and  a  piece  of  bent  glass  tube  to  convey  away  the  disengaged  gas.  Granu- 
lated zinc,  or  scraps  of  the  malleable  metal,  are  put  into  the  bottle,  together 
with  a  little  water,  and  sulphuric  acid  slowly  added  by  the  funnel,  the  point 
of  which  should  dip  into  the  liquid.  The  evolution  of  gas  is  easily  regulated 
by  the  supply  of  acid ;  and  when  enough  has  been  discharged  to  expel  the  air 
of  the  vessel,  it  may  be  collected  over  water  in  a  jar,  or  passed  into  a  gas  • 

*  From  o^w,  I  smell. 

*  [A.  Housesu  has  procured  oxygen  firom  the  deutoxide  of  barium  by  sulphuric  add,  in  the 
modified  form  of  ozone.  It  is  a  colorless  gas,  with  a  strong  odor,  which  is  not  at  first  repulsive, 
but  by  repetition  becomes  unbearable  and  produces  nausea.  It  loses  its  active  properties  by 
beat;  167°  F.  is  sufficient.  At  ordinary  temperatures  it  oxidizes  most  metals,  even  silver,  and 
nisas  some  oxides  to  a  higher  state  of  oxidation,  as  arsenious  into  arsenic  add.  It  decomposes 
hydrochloric  add,  uniting  with  the  hydrogen  and  setting  free  the  chlorine.  On  iodide  of  potas* 
liam  it  acts  even  more  rapidly,  iodine  being  evolved.  Solutions  of  litmus,  logwood,  indigo,  Ac, 
are  decolorized  even  more  rapidly  than  by  chlorine.  The  density  of  ozone  is  estimated  by  Tho* 
■MS  Andrews  to  xm  four  times  that  of  ordinary  oxygen.— R.  B.] 

'  Hence  the  name,  from  5dwp,  water,  and  ytwdut.  I  give  rise  to. 

*         ^HO,SOa  -f      Zn      =  Zn  0,  SOs  +  H 

Ifydrated  sulphuric  add  Zinc.  Sulphate  of  zinc.  Hydrogen. 
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!,  filing"  of  irOD  or  tmall  nulla  may  t)e  used,  bal 
with  less  Hdvikntnire. 

A  little  practice  iri1I  soon  enable  tit 
pupil  to  ouDBtnict  and  Brrange  a  virietj 
of  usefiil  forms- ijf  ■pporatuB,  in  whid 
bottles,  aod  other  irtiolea  alwajB  it 
hand,  ure  made  to  anpersede  more  eottlj 
instrumetitB.  Glass  tube,  purchased  bj 
weight  of  the  maker,  ma;  be  eat  b]r 
Ecratching  with  a  file,  and  Uien  applying 
a  little  force  with  both  hands.  It  ma; 
be  sofieaed  aod  bent,  whrn  of  eniHll  d£ 
mensions,  bj  the  flame  of  a  Bpirit-lamp 
or  even  a  candle  or  gas  jet.  Corks  mtj 
he  perforated  b;  a  hented  wire,  and  thi 
hale  rendered  emooth  anil  cy lindrioal  bj 
a  round  file  i  or  the  ingenious  corl-bora 
of  Dr.  Mohr,  now  to  be  had  of  most  iu- 
stmment-makers,  ma;  ha  used  instead. 
Last];,  in  tbs  event  of  bad  fitting,  or  na- 
■    ™  BoiindnesB  in  the  cork  itself,  a  little  jd- 

low  wai  melted  oier  the  surface,  or  eTen 
a  little  grease  applied  with  the  finger,  renders  it  sound  and  air-tight,  whea 
not  exposed  to  heat. 

H;drogeD  ia  colorless,  tnsteless,  and  inodorooB  when  quite  pure.  To  ohliin 
It  in  this  condition,  it  must  be  prepared  from  the  purest  itnc  that  can  he  ob- 
tained, and  passed  in  Buecession  through  solutions  of  potasaa  and  nitrate  ef 
silTer.  When  prepared  fi'om  commercial  line  it  has  a  slight  amell,  which  il 
due  to  impurit;,  and  when  iron  has  been  used,  the  odor  becomes  Ter;  strong 
and  disagreeable.  It  is  infiammable,  burning,  when  kindled,  with  a  pale-jet- 
lowish  flame,  and  eToWing  much  heat,  but  ver; little  light.  The  result  oftke 
combustion  is  water.  It  is  even  lesa  soluble  in  water  than  oijgen,  and  hii 
never  been  liquefied.  Although  destitnte  of  poisououe  properties,  it  is  inca- 
pable of  sustaioing  life. 

In  point  of  ppecifio  grayit;  hydrogen  is  the  lightest  substance  known;  Do- 
mas  and  Boussinganlt  place  its  density  between  00691  and  0-0695:'  bsniie 
100  oubio  inches  will  weigh,  under  ordinary  circumstances  of  pressure  ud 
temperature,  214  grains. 

When  a  gns  is  mueh  lighter  or  much  heavier  than  atmospbeiii 
Hg.Bl.  air,  it  ma;  often  be  collected  and  examined  without  the  aid  of  Ibe 
pneumatic  trough.  A  bottle  or  narrow  jar  may  be  filled  wift 
hydrogen  witliout  much  admiituve  of  air,  by  inTerting  it  OTOr  the 
Bilremity  of  an  upright  tube  dellTsring  the  gas.  In  a  short  tine, 
if  Ihe  supply  be  copious,  the  air  will  be  wholly  displaoed,  and  tbi 
vessel  filled.  It  may  now  be  remoTed,  the  vertical  position  being 
carefully  retained,  and  closed  by  a  stopper  or  glass  plate.  Iftt< 
mouth  of  the  jar  be  wide,  it  must  be  partially  closed  by  a  pirn 
of  cardboard  during  the  operation.  This  method  of  oolleotiD| 
gases  by  displacement  is  often  extremely  useful.  Hydrogen  inl 
formerly  used  for  filling  air-batlootis.  ^eing  mndp  for  tbe  pni^ose 
on  tbe  spot  from  linc  or  iron  and  dilute  sulphuric  acid.  Its  vm 
is  superseded  b;  that  of  coal-gas,  which  may  be  made  Tei;  bght 
b;  employing  a  high  temperature  in  Ihe  manufacture.  Althoii^ 
far  inferior  to  pure  hydrogen  in  buoyant  power,  it  is  found  m 
practice  to  possess  advantaifes  over  that  substance,  while  it* 
'    is  easily  compensated  b;  increasing  tbe  magnitude  of  tbe  baUooA- 
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There  is  a  very  remarkable  property  enjoyed  by  gases  and  vapors  in  gene- 
ral, which  is  seen  in  a  high  degree  of  intensity  in  the  case  of  hydrogen ;  this 
is  what  is  called  diffusive  power.  If  two  bottles  containing  gases,  which  do 
not  act  chemically  upon  each  other  at  common  temperatures,  be  connected  by 
a  narrow  tube  and  left  for  some  time,  these  will  be  found  at  the  expiration  of 
a  certain  period,  depending  much  upon  the  narrowness  of  the  tube  and  its 
length,  uniformly  mixed,  even  though  the  gases  differ  greatly  in  density,  and 
the  system  has  been  arranged  in  a  vertical  position,  with  the  heavier  gas 
downwards.  Oxygen  and  hydrogen  can  thus  be  made  to  mix,  in  a  few  hours, 
against  the  action  of  gravity,  through  a  tube  a  yard  in  length,  and  not  more 
than  one  quarter  of  an  inch  in  diameter ;  and  the  fact  is  true  of  all  other  gases 
which  are  destitute  of  direct  action  upon  each  other. 

If  a  vessel  be  divided  into  two  portions  by  a  diaphragm  or  partition  of 
porous  earthenware  or  dry  plaster  of  Paris,  and  each  half  filled  with  a  differ- 
ent gas,  diffusion  will  immediately  commence  through  the  pores  of  the 
dividing  substance,  and  will  continue  until  perfect  mixture  has  taken  place. 
All  gases,  however,  do  not  permeate  the  same  porous  body,  or,  in  other  words, 
do  not  pass  through  narrow  orifices  with  the  same  degree  of  facility.  Profes- 
sor Graham,  to  whom  we  are  indebted  for  a  very  valuable  investigation  of 
this  interesting  subject,  has  established  the  existence  of  a  very  simple  relation 
between  the  rapidity  of  diffusion  and  the  density  of  the  gas,  which  is  expressed 
by  saying  that  the  diffusive  power  varies  inversely  as  the  square  root  of  the 
density  of  the  gas  itself.  Thus,  in  the  experiment  supposed,  if  one  half  of  the 
vessel  be  filled  with  hydrogen  and  the  other  half  with  oxygen,  the  two  gases 
will  penetrate  the  diaphragm  at  very  different  rates ;  four  cubic  inches  of 
hydrogen  will  pass  into  the  oxygen  side,  while  one  cubic  inch  of  oxygen  travels 
in  the  opposite  direction.  The  densities  of  the  two  gases  are  to  each  other  in 
the  proportion  of  1  to  16 ;  their  relative  rates  of  diffusion  will  be  inversely  as 
the  square  roots  of  these  numbers,  i.  e.,  as  4  to  1. 

By  making  the  diaphragm  of  some  flexible  material,  as  a 
piece  of  membrane,  the  accumulation  of  the  lighter  gas  on 
the   side  of  the  heavier  may  be  rendered  evident  by  the 
bulging  of  the  membrane.     The  simplest  and  most  striking 
method  of  making  the  experiment  is  by  the  use  of  Professor 
Graham's  diffusion-tube.     This  is  merely  a  piece  of  wide  glass 
tube  ten  or  twelve  inches  in  length,  having  one  of  its  extre- 
mities closed  by  a  plate  of  plaster  of  Paris  about  half  an  inch 
thick,  and  well  dried.     When  the  tube  is  filled  by  displace- 
ment with  hydrogen,  and  then  set  upright  in  a  glass  of  water, 
the  level  of  the  liquid  rises  in  the  tube  so  rapidly,  that  its 
movement  is  apparent  to   the  eye,   and  speedily  attains  a 
height  of  several  inches  above  the  water  in  the  glass.     The 
gas  is  actually  rarefied  by  its  superior  diffusive  power  over 
that  of  the  external  air.^ 

It  is  impossible  to  over-estimate  the  importance  in  the 
eoonofmy  of  Nature  of  this  very  curious  law  affecting  the  con- 
stitation  of  gaseous  bodies:   it  is  the  principal  means  by 
which  the  atmosphere  is  preserved  in  an  uniform  state,  and  the  accumulation 
of  poisonous  gases  and  exhalations  in  towns  and  other  confined  localities 
presented. 

A  distinction  must  be  carefully  drawn  between  real  diffusion  through  small 
ftpertures,  and  the  apparently  similar  passage  of  gas  through  wet  or  moist 
membranes  and  other  substances,  which  is  really  due  to  temporary  liquefac- 
tion or  solution  of  the  gas,  and  is  an  effect  completely  different  from  diffusion 

*Profenor  Qraham  has  since  published  a  very  extensire  series  of  researches  on  the  paMig* 
n(^  throagh  narrow  tubes,  which  will  be  found  in  detail  in  the  Philosophical  Traiiiiiiittwi 
fcHM«>p.672. 
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properly  bo  called.  For  exjimple,  the  diffusive  power  of  carbonic  acid  into 
atmospheric  air  is  very  Pinall,  but  it  passes  into  the  latter  through  a  wet 
bladder  with  the  utmost  ease,  in  virtue  of  its  solubility  in  the  water  with 
which  the  membrane  is  moistened.  It  is  by  such  a  process  that  the  function 
of  respiration  is  performed  ;  the  aeration  of  the  blood  in  the  lungs,  and  the 
disengagement  of  the  carbonic  acid,  are  effected  through  wet  membranes; 
the  blood  is  never  brought  into  actual  contact  with  the  air,  but  receives  its 
supply  of  oxygen,  and  disembarrasses  itself  of  carbonic  acid  by  this  kind  of 
spurious  diffusion. 

The  high  diffusive  power  of  hydrogen  against  air  renders  it  impossible  to 
retain  that  gas  for  any  length  of  time  in  a  bladder  or  caoutchouc  bag :  it  is 
even  unsafe  to  keep  it  long  in  a  gas-holder,  lest  it  should  become  mixed  with 
air  by  slight  accidental  leakage,  and  rendered  explosive. 

It  has  been  stated  that,  although  the  light  emitted  by  the  flame  of  pure 
hydrogen  is  exceedingly  feeble,  yet  the  temperature  of  the  flame  is  very  high. 
This  temperature  may  be  still  farther  exalted  by  previously  mixing  the  hydro- 
gen with  as  much  oxygen  as  it  requires  for  combination,  that  is.  as  will  pre- 
sently be  seen,  exactly  half  its  volume.  Such  a  mixture  burns  like  gun- 
powder, independently  of  the  external  air.  When  raised  to  the  requisite 
temperature  for  combination,  the  two  gases  unite  with  explosive  violence. 
If  a  strong  botUe,  holding  not  more  than  half-a-pint,  be  filled  with  such  a 
mixture,  the  introduction  of  a  lighted  match  or  red-hot  wire  determines  in  a 
moment  the  union  of  the  gases.  By  certain  precautions,  a  mixture  of  oxygen 
and  hydrogen  can  be  burned  at  a  jet  without  communication  of  fire  to  the 
contents  of  the  vessel ;  the  flame  is  in  this  case  solid. 

A  little  consideration  will  show,  that  all  ordinary  flames  burning  in  the  sir 
or  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of  combustion  is  nothing 
more  than  the  energetic  union  of  the  substance  burned  with  the  surroanoUng 
oxygen ;  and  this  union  can  only  take  place  at  the  surface  ^f  the  burning 
body.  Such  is  not  the  case,  however,  with  the  flame  now  under  considera- 
tion, the  combustible  and  the  oxygen  are  already  mixed,  and  only  require  to 
have  their  temperature  a  little  raised  to  cause  them  to  combine  in  every 

part.  The  flame  so  produced  is  very  different  in  physiciJ 
characters  from  that  of  a  simple  jet  of  hydrogen  or  any 
other  combustible  gas ;  it  is  long  and  pointed,  and  very  re- 
markable in  appearance. 

The  safety-jet  of  Mr.  Hemming,  the  construction  of  whkk 
involves  a  principle  not  yet  discussed,  may  be  adapted  to  a 
common  bladder  containing  the  mixture,  and  held  under  the 
arm,  and  the  gas  forced  through  the  jet  by  a  little  pressure. 
Although  the  jet,  properly  constructed,  is  believed  to  be  safsi 
it  is  best  to  use  nothing  stronger  than  a  bladder,  for  fear  ol 
injury  in  the  event  of  an  explosion.  The  gases  are  often  oon^ 
tained  in  separate  reservoirs,  a  pair  of  large  gas-holders,  for 
example,  and  only  suffered  to  mix  in  the  jet  itself,  as  in  the 
contrivance  of  Professor  Daniell :  in  this  way  all  danger  is 
avoided.  The  eye  speedily  becomes  accustomed  to  the  peour 
liar  appearance  of  the  true  hydro-oxygen  flame,  so  as  to  per- 
mit the  supply  of  each  gas  to  be  exactly  regulated  by  suitable 
stop-cocks  attached  to  the  jet  (fig.  93). 

A  piece  of  thick  platinum  wire  introduced  into  the  flam* 
of  the  hydro-oxygen  blowpipe  melts  with  the  greatest  ease; 
a  watch-spring  or  small  steel  file  burns  with  the  utmost  bril- 
liancy, throwing  off  showers  of  beautiful  sparks ;  an  incom- 
bustible oxidized  body,  as  magnesia  or  lime,  becomes  so  in- 
tensely ignited  as  to  glow  with  a  light  insupportable  to  tfat 
>ye,  and  to  be  s'lsceptible  of  employment  as  a  most  powerful  illuminator^  ts 
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%  substitute  for  the  sun's  rays  in  the  solar  microscope,  and  for  night-signalfl 
in  trigonometrical  surveys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of     ^*  ^* 
hydrogen  (fig.  94),  a  series  of  musical  sounds  are  sometimes  pro-      <Qj 
duced  by  the  partial  extinction  and  rekindling  of  the  flame  by  the      1^ 
ascending  current  of  air.    These  little  explosions  succeed  each  other 
at  regular  intervals,  and  so  rapidly  as  to  give  rise  to  a  musical  note, 
the  pitch  depending  chiefly  upon  the  length  and  diameter  of  the  tube. 

Although  oxygen  and  hydrogen  may  be  kept  mixed  at  common 
temperatures  for  any  length  of  time  without  combination  taking  place, 
yet,  under  particular  circumstances,  they  unite  quietly  and  without  ex- 
plosion. Some  years  ago  Professor  Dobereiner,  of  Jena,  made  the 
curious  observation,  that  finely-divided  platinum  possessed  the  power 
of  determining  the  union  of  the  gases ;  and,  more  recently,  Mr.  Fara- 
day has  shown  that  the  state  of  minute  division  is  by  no  means  in- 
dispensable, since  rolled  plates  of  the  metal  have  the  same  property, 
provided  their  surfaces  are  absolutely  clean.  Neither  is  the  effect 
strictly  confined  to  platinum ;  other  metals,  as  palladium  and  gold, 
and  even  stones  and  glass,  enjoy  the  same  property,  although  to  a 
far  inferior  degree,  since  they  often  require  to  be  aided  by  a  little 
beat.  When  a  piece  of  platinum-foil,  which  has  been  cleaned  by 
hot  oil  of  vitriol  and  thorough  washing  with  distilled  water,  is  thrust 
into  a  jar  containing  a  mixture  of  oxygen  and  hydrogen,  standing 
over  water,  combination  of  the  two  gases  immediately  begins, 
and  the  level  of  the  water  rapidly  rises,  whilst  the  platinum 
becomes  so  hot  that  drops  of  water  accidently  falling  upon  it  enter  into 
ebullition.  If  the  metal  be  very  thin  and  exceedingly  clean,  and  the  gases 
very  pure,  then  its  temperature  rises  after  a  time  to  actual  redness,  and 
the  residue  of  the  mixture  explodes.  But  this  is  an  effect  altogether 
accidental,  and  dependent  upon  the  high  temperature  of  the  platinum, 
which  high  temperature  has  been  produced  by  the  preceding  quiet  combi- 
nation of  the  two  bodies.  When  the  platinum  is  reduced  to  a  state  of 
minute  division,  and  its  surface  thereby  much  extended,  it  becomes  immedi- 
ately red  hot  in  a  mixture  of  hydrogen  and  oxygen,  or  hydrogen  and  air ;  a 
jet  of  hydrogen  thrown  upon  a  little  of  the  spongy  metal,  contained  in  a 
glass  or  capsule,  becomes  at  once  kindled,  and  on  this  principle  machines  for 
the  production  of  instantaneous  light  have  been  constructed.  These,  how- 
ever, only  act  well  when  constantly  used;  the  spongy  platinum  is  apt  to 
become  damp  by  absorption  of  moisture  from  the  air,  and  its  power  is  then 
for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is  to  suppose 
that  solid  bodies  in  general  have,  to  a  greater  or  less  extent,  the  property  of 
condensing  gases  upon  their  surfaces,  and  that  this  faculty  is  enjoyed  pre- 
eminently by  certain  of  the  non-oxidizable  metals,  as  platinum  and  gold. 
Oxygen  and  hydrogen  may  thus,  under  these  circumstances,  be  brought,  as  it 
were,  within  the  sphere  of  their  mutual  attractions  by  a  temporary  increase 
of  density,  whereupon  combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapor  may  be  made  to  exhibit  the  phenomenon 
of  quiet  oxidation  under  the  influence  of  this  remarkable  surface-action.  A 
close  spiral  of  slender  platinum  wire,  a  roll  of  thin  foil  or  even  a  common 
platinum  crucible,  heated  to  duU  redness,  and  then  held  in  a  jet  of  coal-gas, 
becomes  strongly  ignited,  and  remains  in  that  state  as  long  as  the  supply  of 
mixed  gas  and  air  is  kept  up,  the  temperature  being  maintained  by  the  heat 
disengaged  in  the  act  of  union.  Sometimes  the  metal  becomes  white  hot, 
and  then  the  gas  takes  fire. 

A  very  pleasing  experiment  may  be  made  by  attaching  such  a  coil  of  wire 
to  a  card,  and  suspending  it  in  a  glass  containing  a  few  drops  ot  ^\\i«t> 
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e  Same  of  a  epiriMamp.     Th 

e  air  ie  eihaut-tcd.  giving  rise 
prciduetiaD  of  an  irriUtiag  vnpor,  which  attncks  the  Bjah 
The  combuEtioD  of  [he  ether  U  in  this  ca^e  but  partial;  I 
portino  of  its  bydrogen  ie  aioDe  removed,  and  the  irboB 
of  the  aarbon  left  untouched. 

A  coil  of  thin  platinuin  wire  niBy  be  placed  over  tl 
«ick  of  s  spirit-lamp,  or  a  ball  of  epong;  platinum  n 
tained  just  above  the  cotton :  on  lighting  the  lamp,  ai 
then  blowing  it  out  ng  soon  as  the  metal  appeara  red  hi  ^ 
Blow  Dombuslion  of  (he  spirit  drawn  up  b;  the  capillarilj 
of  the  wick  will  take  place,  accompanied  by  the  pung 
Tapors  just  mentioned,  which  may  be  modified,  aiid  If 
rendered  agreeable,  by  disBolving  in  the  liquid  some  bw< 
smelling  essential  oil  or  resin. 

Hydrogen  forms  numerous  compounds  witb  other  bed] 
altboagb  it  is  greatly  surpassed  in  this  respect  not  onljlH 
osygen,  but  by  many  of  the  other  elements.  The  chemical  relations  of  hydm  ^^ 
gen  tend  to  place  it  among  the  melals.  The  great  discrepancy  in  phyotri 
properties  is  perhaps  more  apparent  than  real.  Hydrogen  is  yet  unknown  i 
the  solid  cunitilion,  while,  on  the  other  hand,  the  rapor  of  the  metal  merool 
is  as  transparent  and  colorless  as  hydrogen  it^etf.  This  Tapiir  is  only  abW 
■even  times  heavier  than  almnspberlo  air,  so  that  the  difference  ■□  this  respei 
I  fs  not  nearly  so  great  as  that  in  the  other  direction  between  air  and  faydrogsil 
I  There  are  two  oiides  of  hydrogen,  namely,  uiatfr,  and  a  very  peculil 
■abslance,  discovered  in  the  year  181S  by  M.  Thenard,  called  binoxidc  4 
hgdrogea. 

It  appears  that  the  composition  of  water  was  first  demonstrated  in  the  jei 
1781  by  Mr.  Cavendish  ; '  but  the  diHcovery  of  the  exact  proportions  in  whit 
oxygen  and  hydrogen  unite  in  genera^ug  that  most  important  campou 
has  from  time  to  lime  to  the  present  day  occupied  the  attention  of  some  i 
distinguished  cultivators  of  chemical  science.  There  are  two  distiH 
I  nethoda  of  research  in  chemistry,  the  analytical,  or  that  in  which  thecc' 
pannd  is  resolved  into  its  elements,  and  the  lynltirlieal,  in  which  the  eiean 
are  made  to  unite  and  produce  the  compound.  The  fi 
method  is  of  much  more  general  application  than  1 
second ;  but  in  this  particular  instance  both  may 
employed,  althongh  the  results  of  the  syutliesia  are  ' 

The  most  elegant  example  of  analjais  of  water  wWl 
probably  be  found  in  its  decomposition  by  Toltaio  eleo 
tricity.  When  water  is  acidulated  so  as  to  render  it: 
conductor,  and  a  portion  interposed  between  a  pair  m 
platinum  plates  connected  with  the  eitreuiities  of  k  volttl 
apparatus  of  moderate  power,  decomposition  of  the  liqW 
takes  place  in  a  very  interesting  manner;  oxygen,  is  i 
slate  of  perfect  purity  Is  evolved  from  the  water  in  bob 
tnot  with  the  plate  belonging  to  the  copper  end  of  Ik 
battery,  and  hydrogen,  equally  pure,  is  discngagett  at  th 
plate,  connected  with  the  line  extremity,  the  middle  poe 
lii.ns  of  liquid  remaitiing  apparently  unaltered.  V, 
grndaated  jars  over  the  platinum  plates,  the  gases  can  b 
id  their  quanlitiea  determined.     Figure  96  will  show  at  a  ^dA 
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e  arrangement ;  the  conducting  wires  pass  through  the  bottom  of  th« 
>,  and  away  to  the  battery. 

this  experiment  has  been  continued  a  sufficient  time,  ^'  V(, 
i  found  that  the  volume  of  the  hydrogen  is  a  very  little 
rice  that  of  the  oxygen :  were  it  not  for  the  accidental 
Ance  of  oxygen  being  sensibly  more  soluble  in  water 
Irogen,  the  proportion  of  two  to  one  by  measure  would 
t  exactly. 

V  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into 
ituents  by  heat.  The  effect  is  produced  by  introducing 
1  balls,  ignited  by  electricity  or  other  means,  into 
r  steam.  The  two  gases  are  obtained  in  yery  small 
3S  at  a  time. 

oxygen  and  hydrogen,  both  as  pure  as  possible,  are 
L  the  proportions  mentioned,  passed  into  a  strong  glass 
ed  with  mercury,  and  exploded  by  the  electric  spark, 
;ure  disappears,  and  the  mercury  is  forced  up  into  the 
ing  it  completely.  The  same  experiment  may  be  made 
e  explosion-vessel  or  eudiometer  of  Mr.  Cavendish 
.  The  instrument  is  exhausted  at  the  air-pump,  and 
3d  from  a  cap  jar  with  the  mixed  gases ;  on  passing  an 
spark  by  the  wires  shown  at  a,  explosion  ensues,  and 
3  becomes  bedewed  with  moisture,  and  if  the  stop-cock 
opened  under  water,  the  latter  will  rush  in  and  fill  the 
eaving  merely  a  bubble  of  air,  the  result  of  imperfect 
Ion. 

Tocess  upon  which  most  reliance  is  placed  is  that  in 
3ure  oxide  of  copper  is  reduced  at  a  red  heat  by 
n,  and  the  water  so  formed,  collected  and  weighed, 
de  suffers  no  change  by  heat  alone,  but  the  momentary 
of  hydrogen,  or  any  common  combustible  matter,  at 
emperature,  suffices  to  reduce  a  corresponding  portion 
netallic  state.  Fig.  98  will  serve  to  convey  some  idea 
.rrangement  adopted  in  researches  of  this  kind, 
(ious  supply  of  hydrogen  is  procured  by  the  action  of 
iulphuric  acid  upon  the  purest  zinc  that  can  be 
1;  the  gas  is  made  to  pass  in  succession  through 
s  of  silver  and  strong  caustic  potassa,  by  which  its 
tion  is  completed.     After  this,  it  is  conducted  through  a  tube  three  ui 


Fig.  98. 


^&Q=J^f=^ 


tches  in  length,  filled  with  fragments  of  pumice-stone  steeped  in  con* 
ed  oil  of  vitriol,  or  with  anhydrous  phosphoric  acid.  These,  substances 
ach  an  extraordinary  attraction  for  aqueous  vapor,  that  they  dry  the 
upletely  during  its  transit.  The  extremity  of  this  tube  is  shown  at  a, 
7  hydrogen  thus  arrives  at  the  part  of  the  apparatus  containing  tbft 
>f  copper,  represented  at  b  ;  this  consists  of  a  two-Tift<iVL^^  ^«i^  ^1  '^W3 
12 
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hArd  white  gin&s,  maiDtained  nt  a  red  heat  by  k  epirit-lamp  placed  benealL 
Ab  the  decomposition  proceeds,  the  water  produced  by  the  reduction  of  tht 
oxide  begius  to  condense  in  the  second  neck  of  the  flask,  whence  it  drops  int^ 
the  receiver  e,  provided  for  the  purpose.  A  second  desiccating  tube  prere&ti 
the  loss  of  aqueous  vapor  by  the  current  of  gas  which  passes  in  excess,. 

Before  )the  experiment  can  be  commenced,  the  oxide  of  copper,  the  pnrily 
of  which  is  well  ascertained,  must  be  heated  to  redness  for  some  time  in  a 
current  of  dry  air ;  it  is  then  suffered  to  cool,  and  very  careftilly  weighed  witk 
the  flask.  The  empty  receiver  and  second  drying  tube  are  also  wdgfaed, 
the  disengagement  of  gas  set  up,  and  when  the  air  has  been  displaced,  heat 
slowly  applied  to  the  oxide.  The  action  is  at  first  very  energetic ;  the  oxide 
often  exhibits  the  appearance  of  ignition ;  as  the  decomposition  proceeds,  it 
becomes  more  sluggish,  and  requires  the  application  of  a  considerable  heat  te 
effect  its  completion. 

"When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool,  the  stresai 
of  gas  is  discontinued,  dry  air  is  drawn  through  the  whole  arrangement,  and, 
lastly,  the  parts  are  disconnected  and  reweigbed.  The  loss  of  the  onde  of 
copper  gives  the  oxygon ;  the  gain  of  the  receiver  and  its  drying  tube  indicates 
the  water,  and  the  difference  between  the  two  the  hydrogen. 

A  set  of  experiments,  made  in  Paris  in  the  year  1820,^  by  MM.  Dulongand 
Berzelius,  gave  as  a  mean  result  for  the  composition  of  water  by  weight,  8*009 
parts  oxygen  to  1  part  hydrogen ;  numbers  so  nearly  in  the  proportion  of  8  to 
1,  that  the  latter  have  usually  been  assumed  to  be  true. 

Quite  recently  the  subject  has  been  reinvestigated  by  M.  Dumas,'  with  ths 
most  scrupulous  precision,  and  the  above  supposition  fully  confirmed.  The 
composition  of  water  may  therefore  be  considered  as  established ;  it  contains 
by  weight  8  parts  oxygen  to  1  part  hydrogen,  and  by  measure,  1  Tolume 
oxygen  to  2  volumes  hydrogen.  The  densities  of  the  gases,  as  already 
mentioned,  correspond  very  closely  with  these  results. 

The  physical  properties  of  water  are  too  well  known  to  need  lengthened 
description :  it  is,  when  pure,  colorless,  and  transparent,  destitute  of  taste 
and  odor,  and  an  exceedingly  bad  conductor  of  electricity  of  low  tension.  U 
attains  its  greatest  density  towards  40^^  (4®'5C),  freezes  at  82<>  (0^'C),  and 
boils  under  the  pressure  of  the  atmosphere  at  or  near  212^  (lOO^'C).  It 
evaporates  at  all  temperatures.  One  cubic  inch  at  02^  (IG^^'TC)  weig^ 
262*45  grains.  It  is  816  times  heavier  than  air;  an  imperial  gallon  weigiM 
70,000  grains  or  10  lbs.  avoirdupois.  To  all  ordinary  observation,  water  ii 
incompressible ;  very  accurate  experiments  have  nevertheless  shown  that  U 
does  yield  to  a  small  extent  when  the  power  employed  is  very  great;  the 
diminution  of  volume  for  each  atmosphere  of  pressure  being  about  61-milliontlil 
of  the  whole. 

Clear  water,  although  colorless  in  small  bulk,  is  blue  like  the  atmosphos 
when  viewed  in  mass.  This  is  seen  in  the  deep  ultramarine  tint  of  the  oeesn, 
and  perhaps  in  a  still  more  beautiful  manner  in  the  lakes  of  Switzerland  tnd 
other  Alpine  countries,  and  in  the  rivers  which  issue  from  them  ;  the  slightest 
admixture  of  mud  or  suspended  impurity  destroying  the  effect.  The  Btnw 
magnificent  color  is  visible  in  the  fissures  and  caverns  found  in  the  ice  of  tht 
glaciers,  which  is  usually  extremely  pure  and  transparent  within,  althonj^ 
foul  upon  the  surface. 

Steam,  or  vapor  of  water,  in  its  state  of  greatest  density  at  212®  (100*C)i 
compared  with  air  at  the  same  temperature,  and  possessing  an  equal  elaitw 
force,  has  a  specific  gravity  expressed  by  the  fraction  0-025.  In  this  conditi«* 
it  may  be  represented  as  containing,  in  evciy  two  volumes,  two  volumes  of 
hydrogen,  and  one  volume  of  oxygen. 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect  purity :  eventh* 
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which  falls  in  the  open  country  contains  a  trace  of  ammoniacal  Bait, 
e  riyers  and  springs  are  inyariably  contaminated  to  a  greater  or  less 
at  with  soluble  matters,  saline  and  organic.  Simple  filtration  through  a 
us  stone  or  bed  of  sand  will  separate  suspended  impurities,  but  distillation 
e  will  free  the  liquid  from  those  that  are  dissolved.  In  the  preparation 
istiUed  water,  which  is  an  article  of  large  consumption  in  the  scientific 
ratory,  it  is  proper  to  reject  the  first  portions  which  pass  oyer,  and  to 
d  carrying  the  distillation  to  dryness.  The  process  may  be  conducted  in 
3tal  still  furnished  with  a  worm  or  condenser  of  silver  or  tin ;  lead  must 
be  used. 

tie  ocean  is  the  great  recipient  of  the  saline  matter  carried  down  by  the 
rs  which  drain  the  land ;  hence  the  vast  accumulation  of  salts.  The  fol- 
ng  table  will  serve  to  convey  an  idea  of  the  ordinary  composition  of  sea- 
sr ;  the  analysis  is  by  Dr.  Schweitzer,^  of  Brighton,  the  water  being  that 
he  British  Channel :  — 


X)  grains  contained 
Water 

Chloride  of  sodium    . 
Chloride  of  potassium 
Chloride  of  magnesium 
Bromide  of  magnesium 
Sulphate  of  magnesia 
Sulphate  of  lime 
Carbonate  of  lime 
Traces  of  iodine  and  ammoniacal  salt 


964-745 
27-069 
0-766 
8-666 
0-029 
2-296 
1-406 
0-333 


1000-000 

s  specific  gravity  was  found  to  be  1-0274  at  60°  (15® -6C). 
ea-water  is  liable  to  variations  of  density  and  composition  by  the  influence 
[>Gal  causes,  such  as  the  proximity  of  large  rivers  or  masses  of  melting  ice, 
other  circumstances. 

atural  springs  are  often  impregnated  to  a  great  extent  with  soluble  sub- 
ices  derived  from  the  rocks  they  traverse .-  such  are  the  various  mineral 
ers  scattered  over  the  whole  earth,  and  to  which  medicinal  virtues  are  attri- 
id.  Some  of  these  hold  protoxide  of  iron  in  solution,  and  are  effervescent 
a  carbonic  acid  gas :  others  are  alkaline,  probably  from  ti^&^ersing  rocks 
olcanic  origin ;  some  contain  a  very  notable  quantity  of  iodine  or  bromine, 
ir  temperatures  also  are  as  variable  as  their  chemical  nature.  A  tabular 
ice  of  some  of  the  most  remarkable  of  these  waters  will  be  found  in  the 
>endix. 

fater  enters  into  direct  combination  with  other  bodies,  forming  a  class  of 
ipounds  called  hydrates  ;  the  action  is  often  very  energetic,  much  heat  being 
lived,  as  in  the  case  of  the  slaking  of  lime,  which  is  really  the  production 
a  hydrate  of  that  base.  Sometimes  the  attraction  between  the  water  and 
)  second  body  is  so  great  that  the  compound  is  not  decomposable  by  any 
U  that  can  be  applied ;  the  hydrates  of  potassa  and  soda,  and  of  phospho 
I  acid,  furnish  examples.  Oil  of  vitriol  is  a  hydrate  of  sulphuric  acid,  frov 
lich  the  water  cannot  be  thus  separated. 

Water  very  frequently  combines  with  saline  substances  in  a  less  intimate 
anner  than  that  above  described,  constituting  whafr  is  called  water  of  crys- 
kllization,  from  its  connection  with  the  geometrical  figure  of  the  salt.  In 
M  ease  it  is  easily  driven  off  by  the  application  of  heat. 
Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any  other  liquid 
^own.  Among  salts  a  very  large  proportion  are  soluble  to  a  greater  or  less 
'tent,  the  solubility  usually  increasing  with  the  temperature,  &o  tkkAX  ^\v^\. 

»P2iii.  Mag,  July,  1839. 
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ntnraled  lolatioD  dcpoBiU  cr^atttls  on  CDoling.  Tbcre  are  a  f«w  «iecp&in 
lo  thia  law,  otie  uf  Che  moiit  remarkable  of  wliich  is  cominau  salt,  tbe  sot 
bitit]'  of  «hicb  is  aenr!;  tbo  Bame  at  al!  teniperatnroi ;  the  by dmte  anil  <t 
tain  organic  salU  of  lime,  alao,  disiolie  more  freel;  in  cold  Uiao  in  hot  mH 

Water  digaoWea  gaaet,  bat  in  ver;  unequal  ijiiantitiea;  some,  u  bjdraga 
(■ijgen,  and  atmaspherio  air,  arc  but  little  acted  npon ;  others,  aa  anuaol 
Mid  b;drocb1oric  acid,  are  absorbed  to  an  enormous  extent ;  and  balwtl 
these  extremes  tbcre  are  Tarious  intorrnvdiate  degrees.  Generally,  the  cold 
the  water,  the  more  gaa  iloea  it  dissolve ;  a,  boiliag  heat  disengages  the  vhd 
if  the  gas  be  tiot  very  soluble. 

Whoa  water  ia  heated  in  a  strong  vessel  to  a  temperatare  aboTe  that  of  tl 
OTdinarj  boiling-point,  its  solvent  powers  are  atill  farther  increased.  11 
Turner  eaclDSed  in  the  upper  pari  of  a  high-pressure  ateani-boiler,  irorkadi 
800*  (Ua^C),  pieces  of  plate  and  crowa  glass.  At  the  expiration  of  fW 
moDths  tbe  glass  was  found  completely  corroded  by  the  action  of  the  vriM 
what  remained  was  a  white  mass  of  silioa.  destitute  of  alkali,  while 
of  ailiceoua  matter,  above  an  inch  in  length,  depended  from  the  little  wire  _^^ 
which  enaioaed  tlie  glass.  This  experiment  tends  to  iUuatrate  the  ohaBS 
which  may  be  prodaced  by  the  action  of  water  at  a  high  temperature  in  U 
interior  of  the  earth  upon  felapathic  and  other  rocks.  The  phenomeooa' 
mantfeat  in  the  Geyser  spnngs  of  Iceland,  which  deposit  ailioeous  unlar.> 

Bimaidt  of  hydrogen,  sometimes  called  oxt/gmaltd  aal/r,  is  an  eiceediB|] 
interesting  subslance,  hat  nnfortnoatelj  very  diffioalt  of  preparation,  It; 
formed  by  dissolving  the  binoiide  of  barium  in  dilute  bjdroohloric  aeid,  oh 
fiillj  coaled  by  ice,  aud  then  preoipitating  tbe  baryta  by  sulpburio  acid:  ll 
excess  of  oiygen  of  tbe  binoxide,  instead  of  being  disengaged  as  gas,  nnil 
with  a  portion  of  the  water,  and  convurla  it  into  binoxide  of  hydrogen.  Ihl 
treatment  is  repeated  with  tbe  same  solntion  and  fresh  portions  uf  the  bin- 
oxide of  barium  until  a  considerable  i^uantity  of  the  latter  has  been  aonsDiud, 
sod  a  correeponding  amount  of  binoxide  of  hydrogen  formed.  The  liquid  yet 
oootldng  hydrochloria  acid,  to  get  rid  of  which  it  is  treated  in  aucaessiou  with 
sulphate  of  silver  and  bar;ln-water.  The  whole  process  requires  the  utmost 
care  and  attoutioa.  The  binoiide  of  barium  itself  is  prepared  by  exposing 
pure  barjtn,  contained  in  a  red-hot  porcelain  tube,  to  a  stream  of  oxygen. 
Tbe  solution  of  binoxide  of  hydrogen  may  be  concentrated  under  the  aic- 
pump  receiver  until  it  acquires  the  specifio  gravity  of  1-45.  In  this  slate  it 
presents  the  aapect  of  a  colorless,  transparent,  inodorous  liquid,  po^esaiig 
Timarkable  bleaching  powers.  It  is  very  prone  to  decompoaition;  the  le*£( 
elevation  of  temperature  causes  effcrrcscenoe,  due  to  the  escape  of  oxygen 
gas  ;  near  312"  (100°Cj  it  is  decomposed  with  explosive  violence.  Binoiida 
of  hydrogen  contains  exactly  twice  as  much  oxygon  as  water,  or  Iti  parts  lo 
1  part  of  hydrogen. 

A  teroxide  of  hydrogm*  ia  Said  to  exist,  although  it  bas  never  been  obtained 
in  tbe  pare  state.  Ha  properties  are  similar  to  thoaa  of  iho  binoxide ;  il  is 
likewise  a  powerful  oxiiliiing  agent.  According  to  the  renear^es  of  I^. 
Bsumert,  minute  quantities  of  this  su^tstance  are  formed  in  the  deoompamtloa 
of  water  by  electricity,  and  impart  tbe  odor  by  which  the  products  of  tills 
process  are  cbaracleriied.  It  has  been  mentioned  that  this  peculiar  ad4l> 
which  ia  evolved  in  several  proceaaes,  such  aa  the  oxidation  of  phosphonit, 
the  passage  of  the  electric  ^park  through  gnaus  contnlniog  oxygen,  is  asci "  "' 
to  the  same  subetnnce,  namely,  uiotie.  Ur.  Baumerl'a  experiments  appe 
■bow  that  there  are  at  least  two  aubstuucea  wbioh  have  hitherto  been 

•  PUL.  Mug,.  Ool.  Ift34. 
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onivl  under  the  term  ozone ;  for  the  odor  produced  by  the  pAssage  of  th« 
BOtrifl  spArk  throngh  atmospheric  air  cannot  poRisibly  be  due  to  the  forma- 
m.  of  terozide  of  hydrogen.  It  is  not  known  whether  the  odorous  sobetancei 
Ueh  ia  generated  daring  the  oxidation  of  phosphoms,  is  terozide  of  hydro- 
pa,  or  identical  with  the  oxone  of  the  electric  spark.  Dr.  Andrews  denies 
ka  aeonraey  of  Dr.  Baumert*s  experiments,  and  states  that  the  teroxide  of 
lydrogen  ia  nothing  bat  aotiye  oxygen. 

KITBOQEV. 

Hitrogen^  conatitntes  aboat  j  of  the  atmosphere,  and  enters  into  a  great 

nriety  of  eombinations.     It  may  be  prepared  for  the  purpose  of  experiment 

hf  sereral  methods.     One  of  the  simplest  of  these  is  to  bum  out  the  oxygen 

Dram  a  confined  portion  of  air  by  phosphorus,  or  by  n  jet  of  hydrofren. 
A  small  porcelain  capsule  is  floated  on  the  water  of  the  pneumatic  trough, 

nd  a  piece  of  phosphorus  is  placed  in  it  and  set  on  fire.     A  bell-jar  is  then 

Innrted  over  the  whole,  and  suffered  to  rest  on  the  shelf  of  the  troogh,  so  as 

ti  project  a  little  OTcr  its  edge.   At  first  the  heat  causes 

tqMuision  of  the  air  of  the  jar,  and  a  few  bubbles  are  ^s-  W* 

tipeDed,  after  which  the  level  of  the  water  rises  con- 

inerably.   When  the  phosphorus  becomes  extingoished 

bj  exhaostion  of  the  oxygeq,  and  time  has  been  giyen 

iir  the  subsidence  of  the  cloud  of  finely-divided  snow- 

Bkt  phosphoric  acid,  which  floats  in  the  residual  gas, 

the  nitrogen  may  be  transferred  into  another  vessel, 

aid  its  properties  examined. 
Prepmd  by  the  foregoing  process,  nitrogen  is  con- 

tnunated  by  a  little  vapor  of  phosphorus,  which  com- 

mmieates  ita  peculiar  odor.    A  preferable  method  is  to 

in  a  porcelain  tube  with  turnings  of  copper,  or,  still 

bettBT,  with  the  spongy  metal  obtained  by  reducing  the 

ends  by  hydrogen ;  to  heat  this  tube  to  redness,  and 

ttea  pass  through  it  a  slow  stream  of  atmospheric  air, 

tte  oxygen  of  which  is  entirely  removed  during  its  progress  by  the  heated 

Mqqwr. 

If  ehlorine  gas  be  passed  into  solution  of  ammonia,  the  latter  substance, 
vUeh  is  a  compound  of  nitrogen  with  hydrogen,  is  decomposed ;  the  chlorine 
combines  with  the  hydrogen,  and  the  nitrogen  is  set  free  with  effervescence. 
Ia  tins  manner  very  pure  nitrogen  can  be  obtained.  In  making  this  experi- 
■Matk  it  is  necessary  to  stop  short  of  saturating  or  decomposing  the  whole  of 
ikb  uunonia ;  otherwise  there  will  be  great  risk  of  accident  from  the  forma- 
tion of  an  exceedingly  dangerous  explosive  compound  formed  by  the  contact 
tf  ehlorine  with  an  ammoniacal  salt. 

Nitrogen  is  destitute  of  color,  taste,  and  smell;  it  is  a  little  lighter  than 
>ir,  its  density  being,  according  to  Dumas,  0*972.  100  cubic  inches,  at  60^ 
(16^*5C),  and  80  inches  barometer,  will  therefore  weigh  80*14  grains.  Nitro- 
pQ  is  incapable  of  sustaining  combustion  or  animal  existence,  although,  like 
■jdrogen,  it  has  no  positive  poisonous  properties;  neither  is  it  soluble  to  any 
Botible  extent  in  water  or  in  caustic  slkali ;  it  is,  in  fact,  best  characterized 
^  negative  properties. 

The  exact  composition  of  the  atmosphere  has  repeatedly  been  made  the 
*d^t  of  experimental  research.  Besides  nitrogen  and  oxygen,  the  air  con- 
tains a  little  carbonic  acid,  a  very  variable  proportion  of  aqueous  vapor,  a 
tnce  of  ammonia,  and,  perhaps^  a  little  carbonetted  hydrogen.  The  oxygen 
^  nitrogen  are  in  a  state  of  mixture,  not  of  combination,  yet  their  ratio  is 

■  7. «.  Gtn«nitor  of  nitn;  aho  called  uote,  ttom  a,  privative,  and  («i^)  VUk. 
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_      ,  on.    Air  kM  kccs  bras^t  from  lofty  A1[UDa  hcifhCi,  ud  M 

yu«ii  «itb  that  tmt  tba  ptuia  of  £sT1>( :  ■'  '■»  ("^^o  broogtii  fron  an  ■ 
Vktion  of  21,000  feel  bj  tbe  aid  of  a  balloon  :  il  ba«  be*D  coilMled  and  4 
•■iBoJ  in  Losdon  asd  Pane,  and  manj  othrr  ptats  ;  still  tbe  jiroportioBi- 
ci-jgtn  and  Bilrogen  reniain  uuJtcrtd.  iht  diffunie  tati^  of  (he  gaara  bd 
•dequale  to  nainlaia  tbii  perftel  uaiformili  of  niixtarv.  The  carbonic  aei 
<ni  Ibc  ODDtrar;.  being  much  inflaeaced  bj  local  causes,  Tsrira  oonaidenJ) 
In  the  follomng  table  the  praportJoDB  af  onjgen  and  nitrogen  are  giTU 
til*  aathority  of  H.  Damu,  and  tbe  carbonic  acid  on  tbat  of  De  SauMin 
tbe  anmoDia,  tbe  diecoTer;  of  which  in  atmotpberic  air  is  doe  to  IJebi^ 
loo  small  in  qoantilj  for  direct  estimation. 

Competition  of  At  Atou>^i^tu 

Brird^L  ^nWHoiiL 

Nitrogen         .        .                 TTparta  7919 

Ol/gen.        ...        23     "            ...  20-81 

100  100-00 

Carbonio  acid,  from  37  meaforeB  to  6-2  meunrea,  in  1D,000  wiraWri 

Aqaeona  Tapor  variable,  depending  mncb  Upon  the  temperatnre. 


0  inahes. 

The  analygis  of  air  ia  Ter7  well  effected  b?  pssBiog  it  over  finely-dlrid 
copper  eontniaed  in  a  tnbe  of  bard  glass,  csrerall;  noighed,  and  then  beii 
to  riednees;  the  nitrogen  is  suffered  to  flow  into  iin  eihausted  glnaa  globe,  dl 

SniODBlf  Heighed.     The  increase  of  weight  after  the  eiperlinent  gJTes  ll 
grmation  sought. 

An  CBBier,  hut  leps  accurale  method,  consista  in  inb 
W  IW,  ducioi:  into  a  graduatciJ  tube,  standing  OTcr  water,  b  knoi 

quantily  of  the  air  to  he  examined,  and  (hen  paasiog  ii 
the  latter  a  stick  of  phoaphorUB  affixed  to  the  end  of  a  vii. 
The  whole  is  left  about  twentj-four  hours,  during  whiofa  ll 
oiygen  is  alowlj  but  completely  absorbed,  after  which  ti 
phonpliorua  is  withdrawn,  and  the  residual  gaa  read  off. 

Professor  Liebig  haa  litely  propoEed  to  nee  an  alkilln 
Bolntion  of  pjTogallio  aeid  (a  eubstance  whioh  will  I 
deacrihed  in  the  department  of  organic  chemistrj)  for  lb 
absorption  of  oiygen.  The  abaorptiye  power  of  sueh  a  BtjW 
tioD,  which  turna  deep  black  on  ooroing  in  contact  wi 
oxygen,  ia  very  considerable.  Liebig's  method  coi 
great  accuracy  with  unusual  rapidity  and  facility  0 
outioD. 

Another  plan  is  to  mix  (he  air  with  hydrogen  and  pus  I 
electria  spark  ;  after  eiploaion  the  volame  of  gas  '  '  "" 
and  compared  with  that  of  the  air  employed, 
anttlyeia  of  gsseons  bodies  by  eiplusion  is  an  operation  I 
great  importance  in  praatioal  ahemistry,  it  may  be  worth  while  dfluribil 
tiie  pToaoaa  in  detail,  as  11  ia  applicable,  with  certain  obvious  variaticns,  U 
BUmberof  aoalogouH  oaaea. 

A  convenient  form  of  apparatus  for  the  purpose  ia  the  syphon  endiomell 
^  •(  Dr.  (Jre ;  tbii  oonsiats  of  a  stout  glaaa  Cube,  having  an  internal  diamelar  e 
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1SI» 


Fig.  101. 


Abont  one-third  of  an  inch,  closed  at  one  end,  and  bent  into  the  form  repre* 
iented  in  the  drawing.  (Fig.  101.)  Two  pieces  of 
platinam  wire,  melted  into  the  glass  near  the  closed 
extremity,  serve  to  give  passage  to  the  spark.  The 
elosed  limb  is  carefully  graduated.  When  required 
for  use,  the  instrument  is  filled  with  merd&ry,  and  in- 
Terted  into  a  vessel  of  the  same  fluid.  A  quantity  of 
the  air  to  be  examined  is  then  introduced,  the  manipu- 
lation being  precisely  the  same  as  with  experiments 
over  water ;  the  open  end  is  stopped  with  the  thumb, 
and  the  air  transferred  to  the  closed  extremity.  The 
instrument  is  next  held  upright,  and  after  the  level  of 
the  mercury  has  been  made  equal  on  both  sides  by  dis- 
placing a  portion  from  the  open  limb  by  thrusting  down 
a  piece  of  stick,  the  volume  of  air  is  read  off.  This 
done,  the  open  part  of  thQ  tube  is  again  filled  up  with 
mercury,  closed  with  the  finger  inverted  into  the  liquid 
metal,  and  a  quantity  of  pure  hydrogen  introduced, 
equal,  as  nearly  as  can  be  guessed,  to  about  half  the 
volume  of  the  air.  The  eudiometer  is  once  more 
brought  into  an  erect  position,  the  level  of  the  mercury 

equaliied,  and  the  volume  again  read  off;  the  quantity  of  hydrogen  added  is 
thus  accurately  ascertained.  All  is  now  ready  for  the  explosion ;  the  instru- 
ment is  held  in  the  way  represented,  the  open  end  being  firmly  closed  by  the 
thumb,  while  the  knuckle  of  the  forefinger  touches  the  nearer  platinum  wire ; 
the  spark  is  then  passed  by  the  aid  of  a  charged  jar  or  a  good  electrophorus, 
and  the  explosion  ensues.  The  air  confined  by  the  thumb  in  the  open  part 
of  the  tube  acts  as  a  spring  and  moderates  the  explosive  effect.  Nothing  now 
remains  but  to  equalize  the  level  of  the  mercury  by  pouring  a  little  more  into 
the  instrument,  and  then  to  read  off  the  volume  for  the  last  time. 

What  is  required  to  be  known  from  this  experiment  is  the  diminution  the 
mixture  suffers  by  explosion ;  for  since  the  hydrogen  is  in  excess,  and  since 
that  body  unites  with  oxygen  in  the  proportion  by  measure  of  two  to  one,  one- 
third  part  of  that  diminution  must  be  due  to  the  oxygen  contained  in  the  air 
introduced.  As  the  amount  of  the  latter  is  known,  the  proportion  of  oxygen 
it  contains  thus  admits  of  determination.  The  case  supposed  will  render  this 
dear. 


Air  introduced 


100  measures. 


Air  and  hydrogen 
Volume  after  explosion 


Diminution 


63 


=  21 ;  oxygen  in  the  hundred  measures. 


160 
87 


63 


Tlie  working  pupil  will  do  well  to  acquire  dexterity  in  the  use  of  this  valti- 
^le  bistrument,  by  practising  the  transference  of  gas  or  liquid  from  the  one 
hsh  to  the  other,  &c.  In  the  analysis  of  combustible  gases  by  explosion  with 
oxygen,  solution  of  caustic  potassa  is  often  required  to  be  introduced  into 
^  dosed  part 

Compounds  of  Nitrogen  and  Oxygen, 

There  are  not  less  than  five  distinct  compounds  of  nitrogen  and  oxygen  thus 
'^i^  iad  constituted  :^ 
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Oompodtton  ty  Weight 

Nftronn* 

O^ 

14      . 

16 

14 

24 

14      . 

82 

14      . 

40 

Protoxide  of  nitrogen  * 
Binoxide  of  nitrogen  '  . 
Nitrous  acid 
Hyponitrio  acid  * 
Nitric  acid^ 

Nitric  or  Azotic  Acid, — In  certain  parts  of  India,  and  also  in  other  hot  diy 
eimates  where  rain  is  rare,  the  surface  of  the  soil  is  occasionally  corered  1^ 
a  saline  efflorescence,  like  that  sometimes  apparent  on  newly-plastered  walls: 
this  substance  collected,  dissolved  in  hot  water,  the  solution  filtered  and  madt 
to  crystallize,  furnishes  the  highly-important  salt  known  in  commerce  as  nitre 
or  saltpetre :  it  is  a  compound  of  nitric  acid  and  potassa.  To  obtain  liquid 
nitric  acid,  equal  weights  of  powdered  nitre  and  oil  of  yitriol  are  introduced 
into  a  glass  retort,  and  heat  applied  by  means  of  an.Argand  gas-lamp  or  ebir- 
coal  chauffer.  A  flask,  cooled  by  a  wet  cloth,  is  adapted  to  the  retQii  to  serte 
for  a  receiyer.     No  luting  of  any  kind  must  be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise  disappear,  hot 
towards  the  end  of  the  process  again  become  manifest  When  this  happenii 
and  very  little  liquid  passes  over,  while  the  greater  part  of  the  saline  matttr 
of  the  retort  is  in  a  state  of  tranquil  fusion,  the  operation  may  be  stopped; 
and  when  the  retort  is  quite  cold,  water  may  be  introduced  to  dissolre  out  th0 
bisulphate  of  potassa.     The  reaction  is  thus  explained.* 


Nitre 


Oil  of  vitriol 


Nitric  acid 

Potassa 


Water 
Sulphuric  acid 


Liquid  nitric  acid. 


Bisulphate  of  potassa. 


In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass  retort  il 
replaced  by  a  cast-iron  cylinder,  and  the  receiver  by  a  series  of  earthen  coH" 
densing  vessels  connected  by  tubes.  Nitrate  of  soda,  found  native  in  FerOf 
b  often  substituted  for  nitrate  of  potassa. 

Fig.  102. 


Liquid  nitric  acid  so  obtained  has  a  specific  grarity  of  from  1*48  to  1*62;  it 
kas  a  golden-yellow  color,  which  is  due  to  nitrous  or  hyponitrio  acid  held  in 

*  Otherwifle  called  nitrous  oxide.  *  Otherwiie  called  nitrie  ozUf> 
'  Called  by  Professor  Graham  peroxide  of  nitrogen. 

*  In  symbols  the  composition  of  these  snbstanoes  is  thus  expressed: — 

Protoxide  of  nitrogen NO 

Binoxide  of  nitrogen NOi 

^Mtrou8  acid MOt 

Hyponitrio  add NO4 

Nitric  acid NOs 

•KO,  NO*  -f-       2(nO,  SOs)        =       KO,  SOs;  HO,  S0«       +        HO,  NOi 

Nitrate  of  potassa.  Snlphurlo  acid.  Bisulphate  of  potassa.  Nitric  aoML 
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folntion,  and  which,  when  the  acid  is  dilated  with  water,  gives  rise  bj  its  de« 
composition  to  a  disengagement  of  nitric  oxide.  It  is  exceedingly  corrosive, 
staining  the  skin  deep  yellow,  and  causing  total  disorganization.  Poured 
upon  red-hot  powdered  charcoal,  it  causes  brilliant  combustion;  and  when 
added  to  warm  oil  of  turpentine,  acts  upon  that  substance  so  energetically  as 
to  set  it  on  fire. 

Pure  liquid  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by  mixing 
the  above  with  about  an  equal  quantity  of  oil  of  vitriol,  redistilling,  collecting 
apart  the  first  portion  which  comes  over,  and  exposing  it  in  a  vessel  slightly 
warmed,  and  sheltered  froip  the  light,  to  a  current  of  dry  air,  made  to  bubble 
through  it,  which  completely  removes  the  nitrous  acid.  In  this  state  the  pro- 
duct is  as  colorless  as  water;  it  has  the  sp.  gr.  1-517  at  60°  (15<''5C),  boils  at 
184*'  (S4^'6C),  and  consists  of  54  parts  real  acid,  and  9  parts  water.  Although 
nitric  acid  in  a  more  dilute  form  acts  very  violently  upon  many  metals,  and 
upon  organic  substances  generally,  this  is  not  the  case  with  the  compound  in 
question ;  even  at  a  boiling  heat  it  refuses  to  attack  iron  or  tin,  and  its  mode 
of  action  on  lignin,  starch,  and  similar  substances  is  quite  peculiar  and  very 
much  less  energetic  than  that  of  an  acid  containing  more  water. 

A  second  definite  compound  of  real  nitric  acid  and  water  exists,  containing 
64  parts  of  the  former  to  36  parts  of  the  latter.  Its  sp.  gr.  at  60°  (15®C)  is 
1*424,  and  it  boils  at  260°  (121°C).  An  acid  weaker  than  this  is  concentrated 
to  this  point  by  evaporation ;  and  one  stronger,  reduced  to  the  same  strength 
by  loss  of  nitric  acid  and  water  in  the  form  of  the  first  hydrate.^ 

Absolute  nitric  acid,  in  the  separate  state,  was  unknown  up  to  1849,  when 
M.  Deville  succeeded  in  obtaining  this  remarkable  substance  by  exposing 
nitrate  of  silver,  which  is  a  combination  of  nitric  acid,  silver,  and  oxygen,  to 
the  action  of  chlorine  gas.  Chlorine  and  silver  combine,  forming  chloride  of 
silTer,  which  remains  in  the  apparatus,  whilst  oxygen  and  anhydrous  nitric 
acid  separate.  The  latter  is  a  colorless  substance,  crystallizing  in  six-sided 
columns,  which  fuse  at  86°  (80°C),  and  boil  between  US°  and  122°  (45°  and 
50°G),  when  they  commence  to  be  decomposed.  Anhydrous  nitric  acid  has 
been  found  to  explode  sometimes  spontaneously.  It  dissolves  in  water  with 
evolution  of  much  heat,  forming  hydrated  nitric  acid.  It  consists  of  14  parts 
of  nitrogen  and  40  parts  of  oxygen. 

Nitric  acid  fovms  with  bases  a  very  extensive  and  important  group  of  salts, 

the  nitrates,  which  are  remarkable  for  all  being  soluble  in  water.  The  hydrated 

acid  is  of  great  use  in  the  laboratory,  and  also  in  many  branches  of  industry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of  chlorine 

from  common  salt  in  the  nitre,  and  sometimes  of  sulphate  from  accidental 

splashing  of  the  pasty  mass  in  the  retort.     To  discover  these  impurities,  a 

portion  is  diluted  with  four  or  five  times  its  bulk   of  distilled  water,  and 

divided  between  two  glasses.     Solution  of  nitrate  of  silver  is  dropped  into 

the  one,  and  solution  of  nitrate  of  baryta  into  the  other ;  if  no  change  ensue 

in  either  case,  the  acid  Is  free  from  the  impurities  mentioned. 

Nitric  acid  has  been  formed  in  small  quantity  by  a  "Very  curious  process, 
luimely,  by  passing  a  series  of  electric  sparks  through  a  portion  of  air; 
water,  or  an  alkaline  solution,  being  present.  The  amount  of  acid  so  formed 
t^ter  many  hours  is  very  minute ;  still  it  is  not  impossible  that  powerful  dis- 
charges  of  atmospheric  electricity  may  sometimes  occasion  a  trifling  produc- 
tion of  nitric  acid  in  the  air.  A  very  minute  quantity  of  nitric  acid  is  also 
produced  by  the  combustion  of  hydrogen  and  other  substances  in  the  atmos- 
phere ;  it  is  also  formed  by  the  oxidation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities  as  many 
Jther  acids.  Owing  to  the  solubility  of  all  its  compounds,  no  precipitant  can 
be  fonnd  for  this  substance.     One  of  the  best  tests  is  its  power  of  bleaching 

*  The  two  hydrates  of  nitric  add  are  thus  expressed  by  symbols  :—NOa»  fiO  and  NOt,  4H0. 
"0  cQBkpoiuiA  containing  two  equivalents  of  water  appears  to  exist 
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a  solution  of  indigo  in  sulphuric  acid  when  boiled  with  that  liqnid.  Th« 
absence  of  chlorine  must  be  insured  in  this  experiment  by  means  which  wiU 
hereafter  be  described,  otherwise  the  result  is  equivocal. 

Protoxide  of  Nitrogen  ;  Nitrous  Oxide  (laughing  gas). — When  solid  nitratt 
of  ammonia  is  heated  in  a  retort  or  flask,i  fig.  103,  furnished  with  a  perforated 
eork  and  bent  tube,  it  is  resolved  into  water  and  nitrous  oxide.  The  natan 
of  the  decomposition  will  be  understood  ftoim  the  subjoined  diagram.' 


Nitrate  of 

Ammonia. 

80 


r  Nitrogen 
Nitric  addl  Oxygen 
^        54         I  Oxygen 

[  Oxygen 
k Ammonia  S  Nitrogen 


17 
Water 
9 


\  Hydrogen   8 


Protox.    nitrogen.    SS 


Protox.    nItoogMi. 
Water  27 


.Water  9. 


Fig.  103. 


No  particular  precaution  is  required  in  the  operation,  save  dae  regulation 

of  the  heat,  and  the  avoidance  of  tnmultaous  dises* 
gagement  of  the  gas. 

Protoxide  of  nitrogen  is  a  colorless,  transparent) 
and  almost  inodorous  gas,  of  distinctly  sweet  taste. 
Its  specific  gravity  is  1  -525 ;  100  cubic  inches  weigh 
47*29  grains.  It  supports  the  combustion  of  a  taper 
or  a  piece  of  phosphorus  with  almost  as  much  energy 
as  pure  oxygen ;  it  is  easily  distinguished,  however, 
from  that  gas  by  its  solubility  in  cold  water«  which 
dissolves  nearly  its  own  volume ;  hence  it  is  neces- 
sary to  use  tepid  water  in  the  pneumatic  trough  or 
gas-holder,  otherwise  great  loss  of  gas  will  ensue. 
Nitrous  oxide  has  been  liquefied,  but  with  difficulty; 
it  requires,  at  45°  (7°*2G),  a  pressure  of  60  atmos- 
pheres: the  liquid  when  exposed  under  the  befl- 
glass  of  the  air-pump  is  rapidly  converted  into  a 
snow-like  solid.  When  mixed  with  an  equal  Tolnme 
of  hydrogen,  and  fired  by  the  electric  spark  in  the 
eudiometer,  it  explodes  with  violence,  and  liberates 
its  own  measure  of  nitrogen.  Every  two  volumes 
of  the  gas  must  consequently  contain  two  volumes  of  nitrogen  and  one 
volume  of  oxygen,  tne  whole  being  condensed  or  contracted  one-third ;  a  con- 
stitution resembling  that  of  vapor  of  water.' 

Ttie  most  remarkable  feature  in  this  gas  is  its  intoxicating  power  upon  the 
animal  system.  It  may  be  respired,  if  quite  pure,  or  merely  mixed  with  at- 
mospheric air,  for  a  short  time,  without  danger  or  inconvenience  The  eifoet 
is  very  transient,  and  is  not  followed  by  depression. 

Binoxide  of  Nitrogen.  —  Clippings  or  turnings  of  copper  are  put  into  the 
apparatus  employed  for  preparing  hydrogen,^  together  with  a  little  water, 
and  nitric  acid  added  by  the  funnel  until  brisk  effervescence  is  excited.  Tks 
gas  may  be  collected  over  cold  water,  as  it  is  not  sensibly  soluble. 

*■  Florence  oil-fiaskH,  which  may  he  purchased  at  a  very  trifling  sum,  oonttitate  exueadliigly 
useful  vessels  ft*r  chemical  purposes,  and  often  supersede  retorts  or  other  expensive  appantnii 
They  are  rendered  still  more  valuable  by  cutting  the  neck  smoothly  round  with  abotiroBi 
softening  it  in  the  flame  of  a  good  Argand  gas-lamp,  and  then  turning  over  the  edge  M>  ti  t0 
form  a  lip,  or  border.    Ihe  neck  will  then  bear  a  tigbtly-fltting-oork  without  risk  of  BpUttli|> 

•   NU4O.NOB  =  2N0  +  4H0 


Nitrate  of 
ammonia. 

'Seepage  184. 


Protoxide  of 
nitrogen. 
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The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid  by  the 
dopper ;  the  metal  is  oxidized,  and  the  oxide  so  formed  is  dissolved  by  another 
portion  of  the  acid.  Nitric  acid  is  very  prone  to  act  thus  upon  certain 
metals.^ 

The  gas  obtained  in  this  manner  is  colorless  and  transparent;  in  contact 
with  air  or  oxygen  gas  it  produces  deep-red  fumes,  which  are  readily  absorbed 
by  water :  this  character  is  sufficient  to  distinguish  it  from  all  other  gaseoug 
bodies.  A  lighted  taper  plunged  into  the  gas  is  extinguished;  lighted  phospho- 
rus, however,  bums  in  it  with  great  brilliancy. 

The  specific  gravity  of  binoxide  of  nitrogen  is  1*039;  100  cubic  inches 
weigh  32-22  grains.  It  contains  equal  measures  of  oxygen  and  nitrogen  gas 
united  without  condensation.  When  this  gas  is  passed  into  a  solution  of  prot- 
oxide of  iron  it  is  absorbed  in  large  quantity,  and  a  deep-brown  or  nearly- 
black  liquid  produced,  which  seems  to  be  a  definite  compound  of  the  two 
substances.     The  compound  is  again  decomposed  by  boiling. 

Nitrous  add.  —  Four  measures  of  binoxide  of  nitrogen  are  mixed  with  one 
measure  of  oxygen,  and  the  gases,  perfectly  dry,  exposed  to  a  temperature 
of  0®  (  —  17**8C.)  They  condense  to  a  thin  mobile  green  liquid.  Its  vapor 
is  orange-red. 

Nitrous  acid  is  decomposed  by  water,  being  converted  into  nitric  acid  and 
binoxide  of  nitrogen.  For  this  reason  it  cannot  be  made  to  unite  directly 
with  metallic  oxides ;  nitrite  of  potassa  may,  however,  be  prepared  by  fusing 
nitrate  of  potassa,  when  part  of  its  oxygen  is  evolved ;  and  many  other  salts 
of  nitrous  acid  may  be  obtained  by  indirect  means. 

Hyponitric  Acid.  —  It  has  been  doubted  whether  the  term  add  applied  to 
this  substance  be  correct,  since  it  seems  to  possess  the  power  of  forming  salts 
only  in  a  very  limited  degree :  the  expression  has,  notwithstanding,  been  long 
sanctioned  by  use.  Moreover,  a  beautiful  crystalline  lead-salt  of  this  sub- 
stance has  been  discovered  by  M.  P61igot.  It  is  formed  by  digesting  nitrate 
of  lead  with  metallic  lead. 

It  is  chiefly  the  vapor  of  hyponitric  acid  which  forms  the  deep-red  fumes 
always  produced  when  binoxide  of  nitrogen  escapes  into  the  air. 

When  carefully-dried  nitrate  of  lead  is  exposed  to  heat  in  a  retort  of  hard 
glass,  it  is  decomposed ;  protoxide  of  lead  remains  behind,  while  the  acid  is 
resolved  into  a  mixture  of  oxygen  and  hyponitric  acid.  By  surrounding  the 
receiver  with  a  very  powerful  freezing  mixture,  the  latter  is  condensed  to  the 
liqaid  form.  It  is  then  nearly  colorless,  but  acquires  a  yellow  and  ultimately 
a  red  tint,  as  the  temperature  rises.  At  82°  (27° -80)  it  boils,  giving  oflF  its 
well-known  red  vapor,  the  intensity  of  the  color  of  which  is  greatly 
augmented  by  elevation  of  temperature. 

This  substance,  like  the  preceding,  is  decomposed  by  water,  being  resolved 
into  binoxide  of  nitrogen  and  nitric  acid.  Its  vapor  is  absorbed  by  strong 
nitric  acid,  which  thereby  acquires  a  yellow  or  red  tint,  passing  into  green, 
then  into  blue,  and  afterwards  disappearing  altogether  on  the  addition  of 
Baccessive  portions  of  water.  The  deep-red  fuming  acid  of  commerce  called 
miroiM  acid,  is  simply  nitric  acid  impregnated  with  hyponitric  acid  gas.^ 

Nitrogen  appears  to  combine,  under  favorable  circamstances,  with  metals. 
When  iron  and  copper  are  heated  to  redness  in  an  atmosphere  of  ammonia, 

»4(H0,N0»)       H-    3Cu        =  NOg    -f-         3(CuO,N08)         -|-      4H0 

Nitric  add.  Copper.  Binoxide  of  Nitrogen.  Nitrate  of  copper.         Water. 

^Muchdoabt  yet  hangs  over  the  true  nature  and  relations  of  these  two  acids.  According 
toM.  P61igot,  the  only  product  of  the  union  of  binoxide  of  nitrog»Tn  and  oxygen  is  hyponitrie 
*cid,  irbidi,  in  the  total  absence  of  water,  is  a  white  solid  crysuiline  body,  futiible  at  lO'' 
(-^9C).  Atoommon  temperatures  it  is  an  orange-yellow  liquid.  The  same  product  is  ob- 
^tMd  by  heating  perfectly  dry  nitrate  of  lead.  From  these  experiments  it  would  appe&c  t\v»^ 
uttOQs  add  in  a  separate  state  is  unknown.— Ann.  Chim.  et.  Phys.  3d  8«T'\ea,  \\.  b'^. 
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Uioy  boonmo  brittle  and  ci*yMtRlIino,  but  without  nonsible  alteration  of  weight 
M.  Holirottftr  lias  iliowu  tliat  in  tli«  cbho  of  copper,  at  leaMt,  this  eifect  if 
eauHod  by  (ho  forniution  and  Hul>HG<iuont  dcHtruction  of  a  nitride,  that  ii,  ft 
compound  of  nitrof^on  with  copper.  When  ammonia  in  paHied  over  protoiide 
of  copper  heated  to  570°  (120H°iH!),  water  in  formed,  and  a  soft  brown  powder 
produced,  wliicli,  wlien  lieatod  further,  ovolveH  nitrogen,  and  learce  metolUo 
copper.  The  Hame  efToct  in  produceil  hy  the  contact  of  strong  oddi.  A 
similar  compound  of  cliromium  with  nitrogen  appears  to  exist 

OABBON. 

ThiH  BubHtanco  ocourn  in  a  stat-e  of  purity,  and  crystallized,  in  two  distinet 
and  very  diMHimilur  forniH,  namely,  aH  diamond,  and  as  graphite  or  plumbago. 
It  couHtituteH  a  large  proportion  of  all  organic  structures,  animal  and  yege- 
table :  wlien  thcHe  latter  are  PxpoHe<l  to  dentruotivo  distillation  in  close  ressell) 
a  grcHt  part  of  their  carbon  remainn,  obHtinately  retaining  some  of  the  hydro- 
gen and  oxygen,  and  asHociated  with  the  earthy  and  alkaline  matter  of  the 
tiHHue,  giving  rise  to  Iho  many  varietieH  of  charcoal,  coke,  &c.  When  per- 
fectly Heparated  from  all  foreign  matter,  this  kind  constitutes  a  third  yonetj 
of  carbon. 

The  diamond  is  one  of  the  most  remarkable  substances  known:  long  prised 
on  account  of  itH  brilliancy  as  an  ornamental  gem,  the  discoYery  of  its  ourioni 
chemical  nature  confern  upon  it  a  high  degree  of  scientific  intermt.  Sercrsl 
localities  in  India,  the  inland  of  Horneo,  and  more  especially  Brazil,  fiimiih 
this  beautiful  subHtance.  It  is  always  distinctly  crystallized,  often  quite 
trauHparent  and  coIorle^H,  but  now  and  then  having  a  shade  of  yellow,  pink, 
or  blue.  The  origin  and  true  geological  position  of  the  diamond  are  un- 
known ;  it  is  always  found  embedded  in  gravel  and  transported  materioli 
whoMe  hiHtory  cannot  be  traced.  The  crystalline  form  of  the  diamond  il 
that  of  the  regular  octahedron  or  cube,  or  some  figure  geometrically  connected 
with  those.  Many  of  the  octiihrdrul  crystals  exhibit  a  very  peculiar  appear* 
ance,  ariHing  from  the  faces  being  curved  or  rounded,  which  gives  to  the 
crystal  an  almost  spherical  figure. 

Fig.  104. 


The  diamond  is  infonible  and  unalterable  by  a  very  intense  heat,  provided 
air  be  excluded;  but  when  heati^d,  thus  prot^ctod,  between  the  poles  of  ft 
strong  galvnnic  battery,  it  is  converted  into  coke  or  graphite ;  heated  to  wbite- 
n<'HH  in  a  veHHol  of  oxygen,  it  burns  with  facility,  yielding  carbonic  acid  gss. 

TIiIh  iH  thft  hardoHt  substnnce  known:  it  admits  of  being  split  or  cleaved 
without  diflioiilty  in  certain  i>articular  directions,  but  can  only  be  eat  or 
abrii(l(Mi  by  a  Hovuiui  portion  of  the  same  material ;  the  powder  rubbed  off  fa 
tliiw  j»ro(!('SH  yerveH  for  polinhing  the  new  faces,  and  is  also  highly  useful  to  tb* 
Inpi'liiry  arnl  hcix)  cngrnvcr.  One  \(',ry  curious  and  useful  application  of  tbi 
(JiiiTTioTi'l  iM  iruKb;  by  tlio  glazier;  fi  fragment  of  this  mineral,  like  a  bit  of  flint, 
or  any  otl^rr  liard  HubHtanne,  Heratcbes  the  surface  of  glass;  a  cryttalot  dli^ 
niori<i.  having  the  rounded  octahedral  figure  spoken  of,  held  in  one  partiooloT 
poMition  on  the  glass,  namely,  with  an  edge  formed  by  the  meeting  of  two 
a<yaceut  faces  presented  to  the  tinrface,  and  then  drawn  along  wiu  gentl* 
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causes  a  deep  split  or  cut,  which  penetrates  to  a  considerable  depth 
;las8,  and  determines  its  fracture  with  perfect  certainty, 
te  or  plumbago  appears  to  consist  essentially  of  pure  carbon,  although 
3imens  contain  iron,  the  quantity  of  which  varies  from  a  mere  trace 
e  per  cent.  Graphite  is  a  somewhat  rare  mineral :  the  finest  and 
table  for  pencils  is  brought  from  Borrowdale,  in  Cumberland,  where  a 
regular  vein  is  found  traversing  the  ancient  slate  beds  of  that  district.^ 
are  not  common :  when  they  occur,  they  have  the  figure  of  a  short  siz- 
sm — a  form  bearing  no  geometrical  relation  to  that  of  the  diamond, 
te  is  often  formed  artificially  in  certain  metallurgic  operations :  the 
scales  which  sometimes  separate  from  melted  cast-iron  on  cooling, 

the  workmen  *•  kish,"  consist  of  graphite. 

•lack,  the  soot  produced  by  the  imperfect  combustion  of  oil  or  resin, 
it  example  that  can  be  given  of  carbon  in  its  uncrystallized  or  amor' 
ite.     To  the  same  class  belong  the  different  kinds  of  charcoal.     That 

from  wood,  either  by  distillation  in  a  large  iron  retort,  or  by  the 
d  combustion  of  a  pile  of  fagots  partially  covered  with  earth,  is  the 
liable  as  fuel.  Coke,  the  charcoal  of  pit-coal,  is  much  more  impure ; 
ns  a  large  quantity  of  earthy  matter,  and  very  often  sulphur ;  the 
lepending  very  much  upon  the  mode  of  preparation.  Charcoal  from 
d  animal  matters  in  general  is  a  very  valuable  substance,  on  account 
xtraordiuary  power  it  possesses  of  removing  coloring  matters  from 
solutions ;  it  is  used  for  this  purpose  by  the  sugar-refiners  to  a  very 
;ent,  and  also  by  the  manufacturing  and  scientific  chemist.^  The  pro- 
question  is  possessed  by  all  kinds  of  charcoal  in  a  small  degree. 
)al  made  from  box,  or  other  dense  wood,  has  the  property  jpf  con- 
.nto  its  pores  gases  and  vapors ;  of  ammoniacal  gas  it  is  said  to  absorb 
:han  ninety  times  its  volume,  while  of  hydrogen  it  takes  up  less  than 
own  bulk,  the  quantity  being  apparently  coniAected  with  the  property 
is  of  suftering  liquefaction.  This  deodorizing  effect,  as  well  as  the 
ing  power,  no  doubt  depends  in  some  way  upon  the  same  peculiar 

surface  so  remarkable  in  the  case  of  platinum  in  a  mixture  of  oxy- 
hj^drogen.  The  effect  of  deodorizing  is  indeed  considerably  increased 
bting  charcoal  with  solution  of  platinum,  and  igniting  it  subsequently, 
coat  the  charcoal  with  a  thin  film  of  platinum.  Br.  Stenhouse,  who 
d  this  plan,  finds  that  the  gases  thus  absorbed  undergo  a  kind  of  oxi- 
ithin  the  pores  of  the  charcoal.^ 

aphite  which  can  be  directly  cut  for  pencils  occurring  only  in  limited  quantity,  pow« 
)bite,  obtained  from  the  inferior  varieties  of  the  mineral,  is  now  frequently  oonsoli* 
;hi8  purpose.  The  mechanical  division  of  graphite  presents  considerable  difficulties, 
r  be  entirely  obviated  by  adopting  a  chemical  process  suggested  by  Mr.  Brodie,  appli- 
ever,  only  to  certain  varieties,  such  as  Ceylon  graphite.  Mr.  Brodie's  process  cons^ta 
cing  the  coarsely-powdered  graphite,  previously  mixed  with  ^^  of  its  weight  of  chlo* 
•tsssa,  into  2  parts  of  concentrated  sulphuric  add,  which  is  heated  in  a  water-bath 
iTolution  of  acid  fumes  ceases.  The  acid  is  then  removed  by  water,  and  the  graphite 
lus  prepared,  this  substance,  when  heated,  to  a  temperature  approaching  a  red  heat, 
to  a  voluminous  mass  of  finely-divided  graphite. 

loves  from  solution  in  water  the  vegetable  bases,  bitter  prindples,  and  astringent  sub> 
hen  employed  in  excels  requiring  from  twice  to  twenty  times  their  weight  for  total 
ion.    A  solution  of  iodine  in  water,  or  iodide  of  potassium,  is  quickly  deprived  of 
tallic  salts  dissolved  in  water  or  diluted  alcohol  are  precipitated, though  not  entirely; 
about  thirty  times  their  weight  of  animal  charcoal.    Arsenious  acid  is  totally  car^ 
f  solution.    In  these  cases  it  acts  in  three  dififerent  ways:  the  salt  is  absorbed  unal* 
e  oxide  in  the  salt  may  be  reduced ;  or,  the  salts  precipitated  in  a  basic  condition,  th« 
showing  an  acid  reaction  as  soon  as  the  carbon  begins  to  act.    It  is  in  this  last  case 
that  traces  of  the  bases  can  be  detected,  the  acid  set  free  preventing  their  total  preci* 
Tbe  precipitHtiou  uuty  hence  be  prevented  by  nddiiig  an  excess  of  acid,  and  the  basea 
:ipitHtion  may  be  dissolved  out  by  boiling  with  an  acid  solution. — Warrington,  Mem. 
c.  1845;  Garrod,  Pharm.  Jnurn.  184-t:  Weppen,  Ann.  de  Chim.  1845.— >R.  b!] 
on  is  a  combustible  uniting  with  oxygen  and  producing  carbonic  acid.    Its  diff«t«iv\. 
bibit  much  iiSerence  iu  this  respect;  in  the  very  porous  condiUou  ot  «\vmc!Cm\,  \V 
13 
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Compound*  aj  CortDn  and  Oxygtn. 

Thera  are  tiro  direct  iDorgfroio  compauDds  of  carbon  nod  oxjgta,  oaHed  an* 
bonio  oxide  and  carboaio  acid;  llieir  aompoaitioa  may  be  thus  atetod;  — 

CsnpoaltkiB  li<r  nlflit 
Culua.  Oxna. 

Carbonia  oxide 6  8 

Carboaio  aoid 6  18 

Carbonic  Add  is  alirajs  produced  when  obarooal  bnma  in  air  or  ozTgw 
gun ;  it  ii  most  convenient!;  obtained,  however,  for  Btudy,  by  decomporing  • 
carbonate  with  one  of  the  stronger  aoids.  For  this  purpose,  the  appantsi 
for  goncrnting  hydrogen  may  ngain  be  employed  j  fra^ents  of  tnarbte  an 
put  into  the  bottle  with  enough  water  to  Dover  the  eitremity  of  ths  funnel- 
tube,  Kiid  bydruehtoric '  or  nitrio  acid  added  by  the  latter,  until  the  gu  U 
freely  disengaged.  Chalk-powder  and  dilute  eulphurie  acid  nay  be  naid 
Instead.    The  gas  may  be  coUocteil  over  water,  Although  with  some  loMi  v 


Tery  oonTcnienlly  by  diBpUoement,  if  it  be  required  dry,  as  shown  In  &■ 
H^iure.  The  Ion);  dTying-tube  is  filled  with  fVngmenia  of  chloride  of  wloioH, 
niiii  the  huAvy  gfl^  '^  cunduetod  to  the  bottom  of  the  Tessel  in  whigh  it  i*  to 
bo  reoeived,  tlie  mouth  of  the  latter  being  liglitly  closed.* 
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Carbonic  aoid  gas  is  colorless ;  it  has  an  agreeable  pungent  taste  and  odor^ 
bat  cannot  be  respired  for  a  minute  without  insensibility  following.  Its  spe 
eific  gravity  is  1*524,^  100  cubic  inches  weighing  47*26  grains. 

This  gas  is  very  hurtful  to  animal  life,  even  when  largely  diluted  with  air ; 
ii  acts  as  a  narcotic  poison.  Hence  the  danger  arising  from  imperfect  venti- 
lation, the  use  of  fire-places  and  stoves  of  all  kinds  unprovided  with  propel 
chimneys,  and  the  crowding  together  of  many  individuals  in  houses  and  ships 
without  efficient  means  for  renewing  the  air ;  for  carbonic  acid  is  constantly 
disengaged  during  the  process  of  respiration,  which,  as  we  have  seen  (page 
125),  is  nothing  but  a  process  of  slow  combustion.  This  gas  is  sometimes 
emitted  in  large  quantity  from  the  earth  in  volcanic  districts,  and  it  is  con* 
Btantly  generated  where  organic  matter  is  in  the  act  of  undergoing  fermentive 
decomposition.  The  fatal  ** after-damp"  of  the  coal-mines  contains  a  large 
proportion  of  carbonic  acid. 

Alighted  taper  plunged  into  carbonic  acid  is  instantly  extinguished,  even  to 
the  red-hot  snufif.  When  diluted  with  three  times  its  volume  of  air,  it  still 
retains  the  power  of  extinguishing  a  light.  The  gas  is  easily  known  from 
nitrogen,  which  is  also  incapable  of  supporting  combustion,  by  its  rapid 
absorption  by  caustic  alkali,  or  by  lime-water ;  the  turbidity  communicated 
to  tlie  latter  from  the  production  of  insoluble  carbonate  of  lime  is  very  charac- 
teristic. 

Cold  water  dissolves  about  its  own  volume  of  carbonic  acid,  whatever  be 
the  density  of  the  gas  with  which  it  is  in  contact:  the  solution  temporarily 
reddens  litmus  paper.  In  common  soda-water,  and  also  in  effervescent  wines, 
examples  may  be  seen  of  this  solubility  of  the  gas.  Even  boiling  water 
absorbs  a  perceptible  quantity. 

Some  of  the  interesting  phenomena  attending  the  liquefaction  of  carbonic 
acid  have  been  already  described ;  it  requires  for  the  purpose  a  pressure  of 
between  27  and  28  atmospheres  at  82°  (O^C),  according  to  Mr.  Addams.  The 
liquefied  acid  is  colorless  and  limpid,  lighter  than  water  and  four  times  more 
expansible  than  air ;  it  mixes  in  all  proportions  with  ether,  alcohol,  naphtha, 
oil  of  turpentine,  and  bisulphide  of  carbon,  and  is  insoluble  in  water  and  fat 
oils.  It  is  probably  destitute  when  in  this  condition  of  all  properties  of  an 
acid.> 

Carbonic  acid  exists,  as  already  mentioned,  in  the  air ;  relatively,  its  quan- 
tity is  but  small,  but  absolutely  taking  into  account  the  vast  extent  of  the 
atmosphere,  it  is  very  great,  and  fully  adequate  to  the  purpose  for  which  it  is 
designed,  namely,  to  supply  to  plants  their  carbon;  these  latter  having  the 
power,  by  the  aid  of  their  green  leaves,  of  decomposing  carbonic  acid,  retain- 
ing the  carbon,  and  expelling  the  oxygen.  The  presence  of  light  is  essential 
to  this  extraordinary  effect,  but  of  the  manner  in  which  it  is  produced  we  are 
yet  ignorant. 

The  carbonates  form  a  very  large  and  important  group  of  salts,  some  of 
irhich  occur  in  nature  in  great  quantities,  as  the  carbonates  of  lime  and  mag- 
nesia. 

Carb&nie  Oxide.  — When  carbonic  acid  is  passed  over  red-hot  charcoal  or 
metallic  iron,  one-half  of  its  oxygen  is  removed,  and  it  becomes  converted 
Into  carbonic  oxide.     A  very  good  method  of  preparing  this  gas  is  to  intro- 
duce into  a  flask  or  retort  filled  with  a  bent  tube  some  crystallized  oxalic  acid, 
tr  salt  of  sorrel,  and  pour  upon  it  five  or  six  times  as  much  strong  oil  of 

^MM.  Dulong  and  Benellus. 

*lWhen  relieTed  of  pressure  it  immediatelv  bolls,  and  seven  parts  out  of  eight  assume  the 
J»»M  state,  the  rest  becoming  solid  at  —90*  (—m°7C)  (Mitchell).  Solid  carbonic  acid  mixed 
vnh  ether  produces  in  vacuo  a  very  intense  cold  ( — 165°  [— 109°'4C]  Faraday),  capable  of 
*^Uying  many  gases  when  aided  by  pressure.  Liquid  carbonic  acid  immersed  in  this  miz« 
w«  becomes  a  solid  so  clear  and  transparent  that  its  condition  cannot  be  detected  -^uXM  % 
»ottion  again  becomes  liquid.— R.  B.] 
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▼itriol.^  On  heating  the  mixture,  the  organic  acid  is  reBolved  into  water,  car- 
bonic acid,  and  carbonic  oxide:  by  pa^-Bing  the  gaffes  through  a  strong  solu- 
tion of  caustic  potassa,  the  iirst  is  withdrawn  by  absorption,  while  the  second 

Fig.m 


remains  unchanged.  Another,  and  it  may  be  preferable  method,  is  to  heat 
finely-powdered  yellow  ferrocyanide  of  potassium  with  eight  or  ten  times  its 
weight  of  concentrated  sulphuric  acid.  The  salt  is  entirely  decomposed, 
yielding  a  most  copious  supply  of  perfectly  pure  carbonic  oxide  gas,  whieb 
may  be  collected  over  water  in  the  usual  manner.' 

Carbonic  oxide  is  a  combustible  gas ;  it  bums  with  a  beautiful  pale  bine 
flame,  generating  carbonic  acid.  It  has  never  been  liquefied.  It  is  colorless, 
has  very  little  odor,  and  is  extremely  poisonous,  much  more  so  than  earbonio 
acid.  Mixed  with  oxygen,  it  explodes  by  the  electric  spark,  but  with  some 
diflBculty.     Its  specific  gravity  is  0-978 ;  100  cubic  inches  weigh  80*21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  may  thus  be  made  intelli- 
gible :  carbonic  acid  contains  its  own  volume  of  oxygen,  that  gas  suffering  so 
change  of  bulk  by  its  conversion.  One  measure  of  carbonic  oxide,  nixed 
with  half  a  measure  of  oxygen  and  exploded,  yields  one  measure  of  oarbonio 
acid;  hence  carbonic  oxide  contains  half  its  volume  of  oxygen. 

Carbonic  oxide  unites  with  chlorine  under  the  influence  of  light,  forming  a 
pungent,  suffocating  compound,  possessing  acid  properties,  called  phosgene 
gas,  or  chloro-carbonic  acid.  It  is  made  by  mixing  equal  volumes  of  carbonie 
oxide  and  chlorine,  both  perfectly  dry,  and  exposing  the  mixture  to  sunshine; 
the  gases  unite  quietly,  the  color  disappears,  and  the  volume  becomes  redneed 
to  one-half.  A  more  convenient  method  for  preparing  this  gas  consists  in 
passing  carbonic  oxide  through  pentachloride  of  antimony.  It  is  decomposed 
by  water. 

SULPHUR.  I 

This  is  an  elementary  body  of  great  importance  and  interest.  Sulphur  it 
often  found  in  a  free  state  in  connection  with  deposits  of  gypsum  and  rook* 
salt ;  its  occurrence  in  volcanic  districts  is  probably  accidental.  Sicily  ftir- 
nishcd  a  large  proportion  of  the  sulphur  employed  in  Europe.  In  a  state  of 
combination  with  iron  and  other  metals,  and  as  sulphuric  acid,  united  tohiD* 
and  magnesia,  it  is  also  abundant. 


IlO.CaOs 


Oxalic  acid. 


nO.SOa 


CO 


C0« 


2H0,S0i. 


OoDcentrated  Carbonic  Carbonic  Diluted 

sulphuric  acid.  oxide.  acid.  sulphurlo  add* 

^  See  a  paper  by  the  author  in  Memoirs  of  Chem.  Soo.  of  London,  i.  261.  1  eq.  ervstalUJ 
fbrrooyanide  of  potassium  and  6  eq.  oil  of  vitriol  yield  6  eq.  carbonic  oxide,  2  eq.  solphato 
potasMy  8  eq.  sulphate  of  ammonia,  and  1  eq.  protosulphate  of  iron. 
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«  salphnr  It  t.  pale  f  «Uow  brittle  solid,  of  frell-known  sppesraDoe.  It 
when  henled,  and  distils  oior  unattered,  if  air  be  excluded.  The  oystsls 
phur  exhibit  two  disiinct  aad  iuoompatible  forms,  camel;,  an  ootahedroD 
i4)ombia  baae,  irhich  is  the  figure  of  native  Bolphur,  aad  that  aiBonied 


sulphur  separates  from  solution  at  common  temperatnres,  as  when  a 
)n  of  sulphur  in  bisalphide  of  carbon  is  eiposad  lo  alow  eyaporation  in 
r:  and  a  lengthened  prism,  having  no  relation  to  the  preceding:  this 
□8  when  a  ma^s  of  gulphar  is  melted,  and,  after  partial  cooling,  the 
of  the  surface  broken  and  the   fluid   portion   poured   out.     Fig.  109 

the  result  of  such  an  experiment. 


iety  a  Bpecifii 

phar  melts  at  232= "(ni°'lC,)  [238°  (114''-5C,)  Brodie]  :  at  this  tempe- 
1  it  is  of  the  color  of  amber,  and  thin  and  fluid  aa  water;  when  farther 
I.  it  begins  to  thicken,  and  to  acquire  a  deeper  color ;  and  between  480° 
C)  and  480°  (249°C)  it  is  ao  tenacinua  that  the  veasel  in  which  it  is  con- 
.  ma;  be  invortod  for  a  momont  withont  the  loss  of  its  contents.  If  in 
tate  it  be  ponred  into  water,  it  retains  for  man;  hours  its  remarkably 
nd  flexible  condition,  which  should  be  looked  npon  as  the  oraorphons 
of  sulphur.  Af1«r  awhile  it  again  becomes  brittle  and  crystsUine. 
the  temperature  last  mentioned  to  the  boiling-point,  about  792=  (400=0), 
or  ^ain  becomes  tliiu  and  liqaid.  In  the  preparation  of  commercial 
-g  of  suiphnr  the  vapor  is  conducted  into  a  large  cold  chamber,  where  it 
nsos  in  minute  crystals.  The  epecifie  gravity  of  sulphur-vapor  is  6-664. 
phuF  is  insoluble  in  water  and  alcohol;  oil  of  turpentine  and  the  fat  oils 
»e  it,  hut  the  best  substance  for  the  purpose  is  bisulphide  of  carbon.  In 
lemionl  relations  sulphur  bears  great  resemblance  to  oxygen:  to  very 

oxides  there  are  corresponding  sulphides,  and  the  sulphides  often  unit« 
B  themselves,  forming  erystallizable  compounds  analogous  to  salts. 
'ed  and  a  black  modification  of  sulphur  have  been  discuvercd.     When 
d  to  eaO"  (360'C),  and  rapidly  cooled,  40  per  cent,  of  sulphur  becomes 
ible  in  bisulphide  of  carbon ;  b;  repeated  heating  to  this  temperature  the 

UT  becomes  more  and  more  dark-red.  It  is  heated  with  sulphide  of  oar- 
0  sepnrate  the  soluble  sulphur,  and  the  insoluble  yellow  residue  is  ra- 
illy  heated  to  212°  (100°C),  and  treated  with  bisulphide  of  carbon,  then 
!d  to  572=  (300=C)  and  suddenly  cooled.  Black  sulphur  remains  insoluble 
sulphide  of  carbon,  alcohol,  ether,  beniol,  oil  of  turpentine,  and  chloroform, 
is  black  sulphur  be  healed  from  266=  to  802°  (180°  to  ISO^C),  on  oooling 
wnes  soluble  in  bisulphide  of  carbon ;  by  slow  evaporation  yellow  sul- 
-  CTystaUizes  out,  and  a  red  fluid  remains,  which  ultimately  soUdiGea  to 
nlphur. 
18  • 
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Compounds  of  Sulphur  and  Oxygen. 

Compodtioii  1]j 

Sulphurous  aoid   .  • 

Sulphurio  acid^     .... 
Hyposulphurous  acid    . 
Hyposulphurio  acid 
Sulphuretted  hyposulphurio  acid  . 
Bisulphuretted  hyposulphurio  acid 
Trisulphuretted  hyposulphurio  acid* 

Sulphurous  Acid. — This  is  the  only  product  of  the  combustion  of  salplmr  hi 
dry  air  or  oxygen  gas.  It  is  most  conyeniently  prepared  by  heating  oil  of 
▼itriol  with  metallic  mercury  or  copper  clippings ;  a  portion  of  the  add  if 
decomposed,  one- third  of  its  oxygen  being  transferred  to  the  metal,  while  th« 
sulphurio  acid  becomes  sulphurous.'  Sulphurous  acid  thus  obtained  is  a 
colorless  gas,  having  the  peculiar  suffocating  odor  of  burning  brimstone*  it 
instantly  extinguishes  flame,  and  is  quite  irrespirable.  Its  density  is  2*21; 
100  cubic  inches  weighing  6869  grains.  At  0®  (-17**-8C),  under  the  pressure 
of  the  atmosphere,  this  gns  condenses  to  a  colorless,  limpid  liquid,  yery  expan- 
sible by  heat.  Cold  water  dissolyes  more  than  thirty  times  its  volume  of  sul- 
phurous acid.  The  solution  may  be  kept  unchanged  so  long  as  air  is  excluded, 
but  access  of  oxygen  gradually  converts  the  sulphurous  into  sulphuric  add, 
in  the  presence  of  water,  although  the  dry  gasoR  may  remain  in  contact  for 
any  length  of  time  without  change.  When  sulphurous  acid  and  aqueous 
vapor  are  passed  into  a  vessel  cooled  to  below  17®  or  21®  (-6®  or-8®CJ,  t 
crystalline  body  forms,  which  contains  about  24-2  acid  to  75*8  water. 

One  volume  of  sulphurous  acid  gas  contains  one  volume  of  oxygen  and  ^  of 
a  volume  of  sulphur- vapor,  condensed  into  one  volume. 

Gases  which,  like  the  present,  are  freely  soluble  in  water,  must  be  ed- 
looted  by  displacement,  or  by  the  use  of  the  mercurial  pneumatic  trough 
The  manipulation  with  the  latter  is  exactly  the  same  in  principle  as  with  tho 
ordinary  water-trough,  but  rather  more  troublesome,  from  the  great  density 
of  the  mercury,  and  its  opacity.  The  whole  apparatus  is  on  a  much  smaltor 
scale.  The  trough  is  best  constructed  of  hard,  sound  wood,  and  so  contrivod 
as  to  economise  as  much  as  possible  the  expensive  fluid  it  is  to  contain. 

Sulphurous  acid  has  bleaching  properties ;  it  is  used  in  the  arts  for  bleaching 
woollen  goods  and  straw-plait.  A  piece  of  blue  litmus-paper  plunged  into  tho 
moist  gas  is  first  reddened  and  then  slowly  bleached. 

The  salts  of  sulphurous  acid  are  not  of  much  importance :  those  of  the  alkir 

>  The  termininatinnR  mu  and  tc,  applied  to  addfl,  sii^nify  dei^ees  of  oxidation,  the  latter  befog 
the  biffhest :  acidfl  ending;  in  oux  form  8RIr^  the  nnraeH  of  which  are  made  to  end  in  I'te,  and  thoil 
in  rr  terminate  in  aU—tm  mlpfiurmu  acid,  sttlpfiiU  of  8oda;  sulphuric  acid,  sulphate  of  Mxla. 

*  The  more  advanced  Htudent  will  be  glad  to  8ee  thcBe  8tated  in  equivnlentd  by  the  nrectiyvk' 
bol8,  their  relations  becoming  thereby  much  more  evident.  The  numliers  }dven  are  really  tb* 
equivalent  numbers,  but  are  intended  only  to  show  the  proportions  of  aulphur  and  osyino* 
without  any  reference  to  other  bodies.  The  following  are  the  quantities  required  to  satnisl^ 
>ne  et^uivalent  of  a  base : — 

Sulphurous  acid 80t 

Sulphuric  acid SOt 

IlypoBulphurouH  acid 8«0i 

Hyposulphuric  acid,  Dithifmic  acid 8s0ft 

Sulphuretted  hyposulphuric  acid,  Trithirmic  acid  ....  S^ 

Bi.«ulphurettod  hyposulphurio  acid,  7Wra<7(?Vmicacu2    ....  840s 

Trisulphuretted  hyposulphuric  acid,  rtnUUhionic  acid         .        .        .  S«Oft 

•  2(IIO,S03)  +         Cn        =  SOa  -f-  CnO,SO,  +    2H0 
Sulphurio  add.              Copper.          Sulphurous  add.       Sulphate  of  copper.       WatK 
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Bes  are  soluble  and  crystallizable ;  they  are  easily  formed  by  direct  combina- 
tion. Sulphites  of  baryta,  strontia,  and  lime  are  insoluble  in  water,  but 
soluble  in  hydrochloric  acid.  The  strong  acids  decompose  them ;  nitric  acid 
eouTerts  them  into  sulphates. 

Sulphuric  Add. — Hydrated  sulphuric  acid  has  been  known  since  the  fifteenth 
century.  There  are  two  distinct  processes  by  which  it  is  at  the  present  time 
prepared,  namely,  by  the  distillation  of  green  sulphate  of  iron,  and  by  the  oxi- 
dation of  sulphurous  acid  by  nitrous  and  hyponitric  acids. 

The  first  process  is  still  carried  on  in  some  parts  of  Germany,  especially  in 
the  neighborhood  of  Nordhausen,  in  Prussia,  and  in  Bohemia.  -  The  sulphate 
of  iron,  deriTed  from  the  oxidation  of  iron  pyiites,  is  deprived  by  heat  of  the 
greater  part  of  its  water  of  crystallization,  and  subjected  to  a  high  red  heat 
in  earthen  retorts,  to  which  rec'eiTers  are  fitted  as  soon  as  the  acid  begins  to 
distil  OTer.  A  part  gets  decomposed  by  the  very  high  temperature;  the 
remainder  is  driven  off  in  vapor,  which  is  condenssd  by  the  cold  vessel.  The 
product  is  a  brown  oily  liquid,  of  about  1*9  specific  gravity,  fuming  in  the  air, 
and  very  corrosive.     It  is  chiefly  made  for  the  purpose  of  dissolving  indigo. 

The  second  method,  which  is,  perhaps,  with  the  single  exception  mentioned, 
always  followed  as  ^the  more  economical,  depends  upon  the  fact  that,  when 
sulphurous  acid,  hyponitric  acid,  and  water  are  present  in  certain  proportions, 
the  sulphurous  acid  becomes  oxidized  at  the  expense  of  the  hyponitric  acid, 
which  by  the  loss  of  one-half  of  its  oxygen  sinks  to  the  condition  of  binoxido 
of   nitrogen.     The  operation  is   thus  conducted:  —  A  large  and  very  long 
chamber  is  built  of  sheet-lead  supported  by  timber  framing ;  on  the  outside, 
at  one  extremity,  a  small  furnace  or  oven  is  constructed,  having  a  wide  tube 
leading  into  the  chamber.     In  this,  sulphur  is  kept  burning,  the  flame  of 
which  heats  a  crucible  containing  a  mixture  of  nitre  and  oil  of  vitriol.     A 
shallow  stratum  of  water  occupies  the  floor  of  the  chamber,  and  sometimes  a 
jet  of  steam  is  also  introduced.     Lastly,  an  exit  is  provided  at  the  remote  end 
of  the  chamber  for  the  spent  and  useless  gases.     The  effect  of  these  arrange- 
ments is  to  cause  a  constant  supply  of  sulphurous  acid,  atmospheric  air, 
nitric  acid  vapor,  and  water  in  the   state  of  steam,  to  be  thrown  into  the 
chamber,  there  to  mix  and  react  upon  each  other.     The  nitric  acid  imme* 
diately  gives  up  a  part  of  its  oxygen  to  the  sulphurous  acid,  becoming  hypo 
nitric ;  it  does  not  remain  in  this  state,  however,  but  suffers  farther  deoxida 
tioQ  until  it  becomes  reduced  to  binoxide  of  nitrogen.     That  substance  i» 
contact  with  free  oxygen  absorbs  a  portion   of  the   latter,  and   once  more 
heeomes  hyponitric  acid,  which  is  again  destined  to  undergo  deoxidation  by 
&  fresh  quantity  of  sulphurous  acid.     A  very  stfill  portion  of  hyponitric  acid, 
Buxedwith  atmospheric  air  and  sulphurous  acid,  may  thus  in  time  convert 
uv  indefinite  amount  of  the  latter  into  sulphuric  acid,  by  acting  as  a  kind  of 
carrier  between  the  oxygen  of  the  air  and  the  sulphurous  acid.    The  presence 
of  water  is  essential  to  this  reaction. 
We  may  thus  represent  the  change  ^ :  — 

f  Nitrogen  14 Binoxide  of  nitrogen  30. 

Hyponitric  acid  46     J  Oxygen    16 

(  Oxygen    1 6, 

'^'ter      ....         18— —==^^  Hydrated  sulphuric  acid  98 

Snch  is  the  simplest  view  that  can  be  taken  of  the  production  of  sulphuric 
*cid  in  the  leaden  chamber ;  but  it  is  too  much  to  affirm  that  it  is  strictly 


+  2S0a  +  2H0         =  NOi  +  2(HO,80t). 

HypoiUtrio'  Sulphurous  Water.  Binoxide  of  Hydrated 

*"d.  add.  nitrogen.  axxVi^usAnvAii. 


'  lanto.  (b-wilii,  t»»i  iliiif  tiV  (^fiilij)Jlf  If)  HlM>  hil 
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true;  it  muj  be  more  complei.     Wbeii  a  Ult!e  it  _ __ 

ft  large  glues  globe,  so  ns  lo  mniDtBin  a  corluin  degree  of  Iiumidity  in  Ibelf 
within,  and  BulphurouE  nod  liygioDitric  Bcids  are  introduced  b;  eepBrste  to' 
BjmplomB  of  chemical  BctioD  bccocio  inimedialEly  BTJdenl,  and  after  b  1 
time  a  nhile  crystalline  lOBlter  is  obeerTed  lo  coniieiiBe  on  the  aides  of  the 
Teesel.  Tbia  subatance  appears  to  be  a  compound  of  sulphuric  acid,  nilroiu 
aoid,  and  a  tittle  water.'  When  thrown  into  water,  it  is  resolved  into  sul- 
phuric acid,  binoxide  of  nitrogen,  sud  oitric  scid.  This  curious  body  ii 
certainly  very  often  produced  in  largo  ijuBntitj  in  the  leaden  cbBDibersj  but 
Ihat  its  production  is  indiapensable  to  the  enccesB  of  the  process,  aod  conalonl 
when  the  operation  goes  on  well,  and  tlie  byponitrio  acid  ia  not  iu  eiceBS, 
may  pt^rhips  admit  of  donbt. 

Tbe  water  at  the  bottom  of  tbe  chamber  Ihne  heoome^osd^d  with  antphnris 
acid;  when  a  certain  degree  of  strength  has  been  reached.  It  is  drawn  off 
and  concentrated  by  eiaporatlon,  first  in  leaden  pane,  and  aftrrwards  In 
stills  of  platinum,  until  it  attains  a  density  (when  cold}  of  1  -S4,  or  thereahaats; 
it  is  then  transferred  to  carhoye,  or  large  glass  bottles  fitted  in  baskets,  for 
Rule.  In  Great  Britain  tbis  manufacture  is  one  of  great  national  tinporliDcc, 
and  is  oarriod  on  to  n  Taat  extent.  An  inferior  kind  of  acid  is  sometinn 
mada  by  burning  iron  pyrites,  or  poor  copper  ore,  or  line-blende,  as  a  snbati- 
tnte  for  Sicilian  anlphur:  this  is  chiefiy  u?ed  by  tbe  makers  for  their  own 
oonaumption ;  it  Tery  frequently  containa  nrsenic,  from  which  it  may  ho  freed, 
bowever,  by  heating  the  scid  with  a  amall  quaniity  of  chloride  uf  sodium,  cr 
by  passing  through  the  heated  acid  n  correut  of  hydrochlurio  acid  gas,  when 
the  araenio  is  volatiliied  as  t«rch1orlde. 

Tbe  moat  concentrated  sulphuric  scid,  or  oil  of  vitriol,  as  it  is  often  called. 
ia  a  definite  combination  of  40  parts  roal  acid,  and  9  p]irta  water.  It  is  a 
colarlsBS,  oily  liquid,  bnving  a  specific  gravity  of  ahont  1'85,  of  intenscly-acJd 
taste  and  reaction.  Organic  matter  is  rapidly  charred  and  destroyed  by  this 
■ubatanoe.  At  the  temperature  of  —16°  {— 26°'1C)  it  freeies;  al  U20* 
(S2Q°'eC)  it  boils,  and  may  bo  distilled  without  decompoaition.  OiruF  Titriol 
has  a  most  energetic  atlraction  for  water :  it  withdraws  aqueous  Tapors  fhm 
the  air,  and  when  diluted  with  water,  great  heat  is  evolred,  so  tbftt  tbe 
miitnre  always  requires  to  be  mada  with  caution.  Oil  of  vitriol  is  not  tile  only 
hydrate  of  sulphuric  acid ;  three  others  are  known  to  exist.  When  the  fnminf 
oil  of  litriol  of  Nordhauaea  ia  exposed  lo  a  low  temperature,  a  white  crystal- 
line aubatance  sepurates,  which  is  a  hydrate  aontaining  half  as  much  tMH 
na  tbe  common  liquid  acid.  Then,  again,  a  mixture  of  49  parts  of  stron| 
liquid  acid  and  9  parts  of  ^^er,  Dougeals  or  crystallites  at  a  teniperaluTe 
above  82"  (0°C),  and  remains  solid  even  at  46°  (7'>'2C).  Lastly,  when  a  Vlt] 
dilute  acid  is  concentrated  hy  evaporation  in  vacuo  nrcr  a  surface  oT  oil  ^ 
vitriol,  the  evapomlion  stops  when  the  real  acid  and  water  bear  to  each  other 
the  proportion  of  40  to  27. 

Wheo  good  Nordhansen  oil  of  vitriol  is  exposed  in  a  retort  (o  a  gentle  hul, 
and  a  receiver  cooled  by  a  freezing  mixture  fitted  to  it,  a  volatile  subrtoim 
diatils  over  in  great  abundance,  which  condenses  into  benulifol  white,  tilty 
orystatB,  resembling  those  of  asbestos:   this  bears  the  name  of  nnhydMM 

'  M.  Qaoltler  d«  Clsnhrj  aurigrnrf  lo  th 

.   _..      .  .,  .  .  .BHBPSiBg   Ml   , 

tiTDparttoi  or  thtt  bod;  ia*  qoHtli'n,  may  be  lbriii«l  bj  brlu^lo;  Hgc^lbor,  la  a 
lobe.  Liquid  Hulpburouii  add  uid  Liquid  hypfmltrlR  rifjd,  botb  irn  froia  vatBr. 
^.H.i ,fi  ____  i-p^nB  (a  ftn-m.  and  at  IbH  eaLplratioD  of  tweolT^Mx  hoim 
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folphuric  acid.  When  put  into  water  it  hisses  like  a  hot  iron,  from  the 
Tiolence  with  which  combination  occurs ;  exposed  to  the  air  even  for  a  few 
moments,  it  liquefies  by  absorption  of  moisture,  forming  common  liquid 
Bulphuric  acid.  It  forms  an  exceedingly  curious  compound  with  dry  ammo- 
niacal  gas,  quite  distinct  from  ordinary  sulphate  of  ammonia,  and  which 
indeed  possesses  none  of  the  characters  of  a  sulphate.  This  interesting  sub- 
stance may  also  be  obtained  by  distilling  the  most  concentrated  oil  of  vitriol 
with  a  sufficient  quantity  of  anhydrous  phosphoric  acid,  or  by  passing  a 
mix  tore  of  dry  sulphurous  acid  and  oxygen  over  heated  spongy  platinum. 

Sulphuric  acid,  in  all  soluble  states  of  combination,  may  be  detected  with 
the  greatest  ease  by  solution  of  nitrate  of  baryta,  or  chloride  of  barium.  A 
white  precipitate  is  produced,  which  does  not  dissolve  in  nitric  acid. 

Hypogidphurous  Acid.  —  By  digesting  sulphur  with  a  solution  of  sulphite  of 
potassa  or  soda,  a  portion  of  that  substance  is  dissolved,  and  the  liquid,  by 
slow  evaporation,  furnishes  crystals  of  the  new  salt.^  The  acid  cannot  be 
isolated;  when  hydrochloric  acid  is  added  to  a  solution  of  a  hyposulphite, 
the  acid  of  the  latter  is  almost  instantly  resolved  into  sulphur,  which  precipi- 
tates, and  into  sulphurous  acid,  easily  recognized  by  i1^  odor.  The  most 
remarkable  feature  of  the  alkaline  hyposulphites  is  their  property  of  dissolving 
certain  insoluble  salts  of  silver,  as  the  chloride  —  a  property  which  has  lately 
conferred  upon  them  a  considerable  share  of  importance  in  relation  to  the  art 
of  photogenic  drawing. 

Hypotulphuric  Add;  Dithionie  Acid.  —  This  is  prepared  by  suspending 
finely-divided  binoxide  of  manganese  in  water  artificially  cooled,  and  then 
transmitting  a  stream  of  sulphurous  acid  gas ;  the  binoxide  becomes  protoxide, 
half  its  oxygen  converting  the  sulphurous  acid  into  hyposulphuric.^  Tha 
hyposalphate  of  manganese  thus  prepared  is  decomposed  by  a  solution  of  pure 
hydrate  of  baryta,  and  the  barytic  salt,  in  turn,  by  enough  sulphuric  acid  to 
precipitate  the  base.  The  solution  of  hyposulphuric  acid  may  be  concentrated 
by  evaporation  in  vacuo,  until  it  acquires  a  density  of  1*847;  pushed  farther, 
it  decomposes  into  sulphuric  and  sulphurous  acids.  It  has  no  odor,  is  very 
Bour,  and  forms  soluble  salts  with  baryta,  lime,  and  protoxide  of  lead. 

Sulphuretted  Hyposulphuric  Acid;  Trithionic  Acid. — A  substance  accidentally 
formed  by  M.  Langlois,'  in  the  preparation  of  hyposulphite  of  potassa,  by 
gently  heating  with  sulphur  a  solution  of  carbonate  of  potassa,  saturated  wifii 
ralpharous  acid.  The  salts  bear  a  great  resemblance  to  those  of  hyposul- 
phuroas  acid,  but  differ  completely  in  composition,  while  the  acid  itself  is  not 
quite  so  prone  to  change.  It  is  obtained  by  decomposing  the  potassa  salt  by 
hydrofluosilicic  acid ;  it  may  be  concentrated  under  the  receiver  of  the  air- 
pump,  but  is  gradually  decomposed  into  sulphur,  sulphurous  and  sulphurio 
acids. 

Bisulphuretted  Hyposulphuric  Add ;  Teirathionic  Add. — This  was  discovered 
by  MM.  Fordos  and  Gelis.^  When  iodine  is  added  to  a  solution  of  hyposulphite 
of  soda,  a  large  quantity  of  that  substunce  is  dissolved,  and  a  clear  colorless 
solution  obtained,  which,  besides  iodide  of  sodium,  contains  a  salt  of  a  peculiar 
ftcid,  richer  in  sulphur  than  the  preceding.  By  suitable  means,  the  new 
Babstance  can  be  eliminated,  and  obtained  in  a  state  of  solution.  It  very 
elosely  resembles  hyposulphuric  acid.  The  same  acid  is  produced  by  the 
mction  of  sulphurous  acid  on  subchloride  of  sulphur. 

TrunUphuretted  Hyposulphuric  Acid ;  Fentathionie  Acid. — Another  acid  of 
milphur  has  been  announced  by  M.  Wackenroder,  who  formed  it  by  the  action 

>  KO,SOs  4.  S  =  KO,SaOa 


Sulphite  of  potassa.  Sul  pbur.  Hyposulphite  of  potiuasa. 

•  MnOi  +  2S0a  =  MnO,  SaO» 

BlnoxW*  of  maBganese.  Sulphurous  add.  Hyposulphate  of  manganese. 

•  Aim.Ohi]n.«tFh7S.,Sd8eiies,iT.77.  «IIM,«&b«i^^4SA. 
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It  may  be  obtained  in  compact  masses  when  common  phosphoms  is  kept  fiof 
eight  days  at  a  constant  high  temperature.  It  is  a  coherent,  reddish-brown, 
infusible  substance,  of  specific  gravity  between  2*089  and  2*106.  It  does  not 
become  luminous  in  the  dark  until  its  temperature  is  raised  to  about  898^ 
(^OO^*  C),  nor  has  it  any  tendency  to  combine  with  the  oxygen  of  the  sir. 
When  heated  to  600°  (260°  C),  it  is  reconverted  into  ordinary  phosphorus. 

Compoundt  of  Phosphorus  and  Oxygen.  —  These  9x4  three  in  number,  and 
hate  the  composition  indicated  below : — 

Compoiition  bj  weifhi 


^hoaphcmu. 

Hypophosphorous  acid 81  8 

Phosphorous  acid 81  24 

Phosphoric  Acid  1 81  40 

Oxide  of  Phosphorus. — When  phosphorus  is  melted  beneath  the  surface  of 
hot  water,  and  a  stream  of  oxygen  gas  forced  upon  it  from  a  bladder,  com- 
bustion ensues,  and  the  phosphorus  is  converted  in  great  part  into  a  brick-red 
powder,  which  was  formerly  believed  to  be  a  peculiar  oxide  of  phosphoms. 
Schrotter  has  shown  that  it  is  a  mixture,  consisting  chiefly  of  amorphoos 
phosphorus. 

Hypophosphorous  Acid. — When  phosphorus  is  boiled  with  a  solution  of  potasn 
or  baryta,  water  is  decomposed,  giving  rise  to  phosphoretted  hydrogen,  phos- 
phoric acid,  and  hypophosphorous  acid,  which  con^bine  with  the  baryta ;  the 
first  escapes  as  gas,  and  the  two  acids  remain  in  union  with  the  baryta.'  By 
filtration  the  soluble  hypophosphite  is  separated  from  the  insoluble  phosphate. 
On  adding  to  the  liquid  the  quantity  of  sulphuric  acid  necessary  to  precipitate 
the  base,  the  hypophosphorous  acid  is  obtained  in  solution.  By  evaporation  it 
may  be  reduced  to  a  syrupy  consistence. 

The  acid  is  very  prone  to  absorb  more  oxygen,  and  is  therefore  a  powerfld 
deoxidizing  agent.     All  its  salts  are  soluble  in  water. 

Phosphorous  Acid.  —  Phosphorous  acid  is  formed  by  the  slow  combustion 
of  phosphorus  in  the  atmosphere ;  or  by  burning  that  substance  by  means 
of  a  very  limited  supply  of  air,  in  which  case  it  is  anhydrous,  and  presents 
the  aspect  of  a  white  powder.  The  hydrated  acid  is  more  conveniently  pre- 
pared by  adding  water  to  the  terchloride  of  phosphorus,  when  mutual  de- 
composition takes  place,  the  oxygen  of  the  water  being  transferred  to  the 
phosphorus,  generating  phosphorous  acid,  and  its  hydrogen  to  the  chlorine^ 
giving  rise  to  hydrochloric  acid.'  By  evaporating  the  solution  to  the  conriflt- 
ence  of  syrup,  the  hydrochloric  acid  is  expelled,  and  the  residue  on  cooling 
crystallizes. 

Hydrated  phosphorous  acid  is  very  deliquescent  and  very  prone  to  attrset 
oxygen  and  pass  into  phosphoric  acid.  When  heated  in  a  close  Ycssel,  it  il 
resolved  into  hydrated  phosphoric  acid  and  pure  phosphoretted  hydrogen  gM 
It  is  composed  of  55  parts  of  real  acid  and  27  parts  of  wat«r.^ 

The  phosphites  are  of  little  importance 

*  In  symbols  — 

Hypophosphorous  add .        .  .  P  O 

Phopphorous  acid P  O- 

Phosphoric  acid p  0» 

*  ^4P  +        3BaO       +       3H0  =        3(BaO,PO)  -f-  PHi 

Pliusphorus.  Baryta.  Water.  liypuphosphite  Phosphoretti^ 

of  baryta.  hydrc^en. 

»       _    PCh  +        6II0  =  3H0,P0»  +  3UC1 

Torch  loride  Water.  Hydrated  "  UydrocElwAT 

of  phosphoru».  phosphorous  acid.  add. 

*  Or,  3HO,P08. 
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Fho^Aoric  Arid  —  When  phoaplioniB  is  burned  under  a  bell-jar  by  the  aid 
tf  a.  eopioaa  supply  of  drj  sir,  saowlilie  anhydrouB  pboaphorio  aoid  is  pro 
laced  ia  great  qiiautity.  This  Bubstanco  exhibits  as  mucli  attruction  for 
aaler  as  anhydrous  sulphurio  acid  :  exposed  to  the  air  for  a  few  momentt  it 
leliqueacea  to  a  liquid,  and  when  thrown  into  water,  combines  with  the  latter 
nith  Biplosivo  violence, ,  Once  in  the  state  of  lijdnite  the  nater  cannot  aBftin 
DC  acpsrated. 

Wlien  nitric  acid  of  moderate  strength  ia  hented  in  a  retort  to  which  a  re- 
eeirer  is  connected,  and  frngments  of  phosphorus  added  singly,  taking  care 
to  suffer  the  violence  of  the  action  to  subside  between  each  addition,  the 
phaspborus  is  oxidized  to  its  maiimnm,  and  converted  into  phosphoric  acid. 
By  diBtilling  off  the  greater  part  of  the  acid,  transferring  the  residue  in  tlie 
relOTt  to  a  platiDum  vestiel,  and  then  onutiongty  raising  the  heat  to  redness, 
ihe  faydrated  acid  may  be  obtained  pure.  This  is  the  glacial  photphorie  add 
of  tho  Pharmacopcoia. 

A  third  method  consists  ia  taking  the  aoid  phosphate  of  lime  produced  by 
the  aelion  of  sulphuric  ucid  on  boDe-e.TCth,  precipitating  it  with  a  slight  ex- 
eess  of  carbonate  of  ammonia,  separating  by  a  filler  the  inaoluble  lime-salt, 
and  then  evaporating  and  ignitjng  in  a  platinum  vessel  the  mixed  phospbate 
and  sulphate  of  nmrnonia.  Hydrated  phosphoric  acid  alone  remains  behind. 
The  acid  thus  obtained  ia  not  remarkable  for  its  purity.  One  of  the  most  ad- 
Tantageotis  mctliods  of  preparing  phosphoric  acid  on  the  large  scale  in  a  stat* 
of  purity  is  to  bnrn  phosphorus  in  n  stream  of  dry  atmospberio  air,  by  the 
aid  of  &  proper  apparatus,  not  difBcult  to  contrive,  in  which  the  process  may 
be  earned  on  contiauonsly.  The  anhydrons  acid  obtained  may  be  preserved 
to  that  state,  or  converted  into  hydrate  or  glacial  acid,  by  the  addition  of 
water  and  subsequent  fusion  in  a  platinum  vessel.  The  hydrate  of  phosphorin 
acid  is  exceedingly  deli qnesacnt,  and  requires  to  be  kept  in  a  closelj-stopped 
bottle.     It  containB  71  parts  of  real  acid,  and  9  parts  of  water.' 

Phosphoric  acid  is  a  powerful  ncid;  its  solution  has  an  intensely  boot  taste, 
tnd  reddens  litmua-paper ;  it.  is  not  poisonous. 

There  are  few  bodies  lliat  present  a  greater  di^gree  fi^.  hj. 

ot  interest  to  the  chemist  than  this  substance  :  the  ex- 
traordinary changes  its  compoands  nndergo  by  the 
icticQ  of  heat,  chiefly  made  known  to  us  by  the  ad- 
lairablo  researches  of  Prof.  Graham,  will  bo  found  de- 
Kribed  in  connection  with  the  general  history  of  saline 


This  substance  is  a  member  of  a  small  natural  group, 
containing  besides  iodine,  bromine,  aad  fluorine.  So 
great  a,  degree  of  resemblance  exists  between  these 
in  all  their  chemical  relations,  especially  between 
3,  bromine,  and  iodine,  that  the  history  of  one 
Rahnost  serve,  with  a  few  little  alterations,  for  that 

I  very  abundant  substance ;  in  common 

[tMily  prepared  by  pouring  strong  liquid  hydrochloric 

"111  upon  finely-powdered  black  oxide  of  manganese, 

"""'aed  in  a  retort  or  fiaak,  and  applying  a  gCHlle 

,         ,  a  heavy  yellow  gas  is  disengaged,  which  is  the 

[    MtfltaDce  in  question. 

«  buy  be  collected  over  warm  water,  or  by  displace- 
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meot;  the  mercurinl  iroagb  ci 
upon  the  metnl,  anil  becomes 

The  rcacdoD  is  wtj  ensil}  eipIaJDcd.  Hjclrochlorio  ncid  is  a,  campouod 
of  chlorine  njiil  bydrugen:  irbeu  ibis  is  mixed  vith  a  melallic  pro[uiitl«, 
double  iiilcrchange  of  elemeitl:<  takes  plnce,  vater  aod  chloride  of  ihe  metal 
being  produced,  itul  vben  Houie  of  the  binoxidn  are  substituted,  an  additioiul 
offecl  enboea,  namel;,  the  ilccompo Edition  of  a  eccond  portion  of  h^drouhlorio 
■md  by  the  nx^gen  in  eicess,  ihc  hjtlrogen  of  irhich  is  vithdrawn  and  tli« 
•hloriue  set  free. 

H  jdrocUoric  f  Chlorine  - 
acid.  \  i^ljidrogen 

Ujdrochlorio  j  Clilorine 
Mid  t  Hjdrogei 

ChloriBB  HOB  discovered  by  Soheele  in  1774,  I  . ^  

BDclerstood.  It  is  B  jellow  gaseous  bod;,  of  intolerable  »uffocnting  proper- 
liea,  producing  very  violent  cough  ntid  irritation  when  inhaled  even  in  ei- 
Ceedinglf  small  qnanlil;.  It  is  soluble  to  a  coDsidernble  eiienl  in  water,  tllM 
liquid  absorbing  at  GCl"  (15'''&C)  about  tnice  its  Toluine,  and  acquiring  tke 
color  and  odor  of  Ihe  gas.  When  this  solutioD  ia  eiposed  to  light,  it  ii 
elowly  changfd  bj  decompoEition  of  water  into  hjdrochlorio  acid,  the  oiygn 
being  at  the  same  time  liberated.  When  moist  chlorine  gsa  is  exposei)  bi  t 
oold  of  32°  (0<>C;,  yellow  crystals  are  formed  wliich  coosist  of  ft  (jeGnile 
compound  uf  chlorine  and  water  containing  S5'6  parts  of  the  former  to  BO  of 
the  latter. 

Chlorine  has  a  specific  graiity  of  S'4T,  100  cnbio  inches  weighing  TS'lS 
grains.  ExpoBcd  to  a  pressure  of  about  four  atmospheres,  it  condenses  loa 
jsllow  limpid  liquid. 

This  substance  has  but  little  attraction  for  oiygen,  its  chemical  enerpw 
being  principaliy  exerted  towards  hydrogen  and  the  metals.  When  a  lighted 
taper  is  plunged  into  the  gas,  it  continues  to  bum  with  a  dull  red  light,  and 
emits  a  large  quantity  of  smoke,  the  hydrogen  of  the  wax  boing  alone  eea- 
sumed,  and  the  carbon  separated.  If  a  piece  of  paper  be  wetted  wilii  oil  of 
turpentine,  and  thrust  into  a  bottle  filled  with  chlorine,  the  chemical  action 
of  the  latter  upon  the  hydrogen  ifl  so  violent  as  lo  cause  inflammation,  afr 
companied  by  a  copioua  deposit  of  soot.  Although  chlorine  can,  by  indirect 
meang,  be  made  to  combine  with  carbon,  yet  tbis  never  oocurs  luider  the  oir- 
cnmstances  described. 

PbosphoruB  takes  Ere  spontaneously  in  chlorine  ;  it  burns  wHh  a  pole  and 
feebly  luminous  Qame.  Several  of  tho  metals,  as  copper-leaf,  powdered  iinli- 
mony,  and  arsenic,  tindergo  combnetion  in  the  Hsme  manner.  A  mixture  of 
equal  measures  of  chlorine  and  hydrogen  explodes  with  violence  on  the  pa.9aigt 
of  SD  electric  spark,  or  on  the  applioalion  of  a  lighted  taper,  hjdrochlona 
Mid  gan  being  formed.  Such  a  mixture  may  be  retained  iu  the  dark  for 
any  length  of  time  without  change;  exposed  to  diffuse  daylight,  the  two 
gases  slowly  unite,  while  the  direct  rays  of  the  sun  induce  inatnntancoiu 

The  most  cburacteriutic  property  of  chlorine  is  its  bio oohing  power ;  tho 
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most  stable  organic  coloring  principles  are  instantly  decompjsed  and  de- 
stroyed by  this  remarkable  agent ;  indigo,  for  example,  which  resists  the  action 
of  strong  oil  of  vitriol,  is  converted  by  chlorine  into  a  brownish  substance,  to 
which  the  blue  color  cannot  be  restored.  The  presence  of  water  is  essential 
to  these  changes,  for  the  gas  in  a  state  of  perfect  dryness  is  incapable  of 
even  affecting  litmus. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton  goods, 
rags  for  the  manufacture  of  paper,  &c.  For  these  purposes,  it  is  sometimes 
employed  in  the  state  of  gas,  sometimes  in  that  of  solution  in  water,  but  more 
frequently  in  combination  with  lime,  forming  the  substance  called  bleaching- 
powder.  When  required  in  large  quantities,  it  is  often  made  by  pouring 
slightly  diluted  oil  of  vitriol  upon  a  mixture  of  common  salt  and  oxide  of 
manganese  contained  in  a  large  leaden  vessel.  The  decomposition  which 
ensues  may  be  thus  represented : — 


Chloride  of       S  Chlorine 
sodium  f  Sodium 

Sulphuric  acid 


-<  Chlorine. 


Sulphate  of  soda. 


S  Sulphate  of   manga- 
nese.^ 


Binoxideof       f^xMeof 
manganese.       |  manganese. 
Sulphuric  acid . 

Chlorine  is  one  of  the  best  and  most  potent  substances  that  can  be  used  for 
the  purpose  of  disinfection,  but  its  employment  requires  care.  Bleaching- 
powder  mixed  with  water,  and  exposed  to  the  air  in  shallow  vessels,  becomes 
slowly  decomposed  by  the  carbonic  acid  of  the  atmosphere,  and  the  chlorine 
evolved ;  if  a  more  rapid  disengagement  be  wished,  a  little  acid  of  any  kind 
may  be  added.  In  the  absence  of  bleaching-powder,  either  of  the  methods 
for  the  production  of  the  gas  described  may  be  had  recourse  to,  always 
taking  care  to  avoid  an  excess  of  acid. 

Chloride  of  Hydrogen;  Hydrochloric,  Chlorhydric  or  Muriatic  Acid.  —  This 
substance  in  a  state  of  solution  in  water,  has  been  long  known.  The  gas  is 
prepared  with  the  utmost  ease  by  heating  in  a  flask,  fitted  with  a  cork  and 
bent  tube,  a  mixture  of  common  salt  and  oil  of  vitriol,  diluted  with  a  small 
quantity  of  water ;  it  must  be  collected  by  displacement,  or  over  mercury. 
It  is  a  colorless  gas,  which  fumes  strongly  in  the  air  from  condensing  the  at- 
mospheric moisture;  it  has  an  acid,  suffocating  odor,  but  is  infinitely  less 
offensive  than  chlorine.   Exposed  to  a  pressure  of  40  atmospheres  it  liquefies. 

Hydrochloric  acid  gas  has  a  density  of  1-269.  It  is  exceedingly  soluble 
in  water,  that  liquid  taking  up  at  the  temperature  of  the  air  about  418  times 
its  bulk.     The  gas  and  solution  are  powerfully  acid. 

The  action  of  oil  of  vitriol  on  common  salt,  or  any  analogous  substance,  is 
thus  easily  explained:  — ^ 


Chloride  of  sodium  j  ^^^ 

Water  \  Hydrogen 

water.     .    .     .     J  Qxygen 

Sulphuric  acid     — — — 

« NaOl     +        MnOi       +    2(HO,808)  = 


Hydrochloric  aeid. 


a 


Sulphate  of  soda. 
+  NaO,SOs  -I-    MnO,80s    +      2H0 


Chloride 
of  sodium. 

•         Naa 


Binoxide  of 
manganese. 

+ 


Sulphuric 
add. 

H0,808 


Chlorine.       Sulphate       Sulphate  of        Water, 
of  soda.         manganese. 

=  Ha  +  NaO,SO» 


Chloride  of 
■odinm. 


Sulphuric 
add. 


Hydrochloric 


Sulphate, 
of  floda 
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Tbs  conpDBition  of  tbw  Bnbatjtnoe  ma;  be  determined  bj  sTiitlieslg :  when 
t  niEasnre  of  Dhlorine  and  a  measure  of  bj'tlrogen  are  (ired  by  the  eleotria 
Bpkrk,  two  measnres  at  b^drocbloric  acid  gaa  rei^olt,  the  combinatioa  being 
nuatteuded  b;  change  of  volume.  B;  weight  it  coutaios  8&*5  parte  of  chlo- 
rine and  I  port  of  hydrogen, 

Salutioa  of  bydrochtoric  acid,  the  liqnid  acid  of  commerce,  ia  a  rer;  im- 
porlkBt  preparation,  and  of  extensive  use  in  chemical  purBuita;  it  is  bed 
prepared  by  Ibe  follaning  amuigeiueDt:  — 

A  large  glass  flask,  containing  a  qvantitj  of  comnoD  salt,  ia  fitted  with  i 
Buk  kDd  bM(  tabs,  in  the  manner  represented  in  flg.  113 ;  tbe  latter  pasec* 

rig.  118. 


Ihroxgh  and  below  a  second  short  tube  into  a  wide-necked  bottle,  containing 
ft  little  water,  into  which  the  open  tube  dips.  A  bent  tube  is  Adapted  10 
another  bole  in  the  cork  of  the  wash-bottle  so  a«  to  convoy  the  porified  gis 


intlf  absorbed:  tbeioii 
litHe  yellow  wax. 
eight  to  tho  salt,  Is  then  slowly 

It  first  wholly  absorbed  bj 


into  a.  quantity  of  distilled  water,  by  nhicb  it 
■re  made  air-tight  by  melting  over  the  corks 
A  quantity  of  oil  of  vitriol,  about  equal  in 
introduced  by  the  funnel;  the  disengaged  gas  u 
the  water  in  the  wash-bottle,  but  when  this  becomes  snluraled,  i 
tbe  second  vessel  and  there  diesatvea.  When  all  the  acid  hns  been  added, 
beat  may  be  applied  to  the  flask  by  a  charcoal  chauBer,  until  its  contOnH 
appear  nearly  dry,  nnd  the  evolution  of  gas  almost  ceases,  when  the  procesa 
may  be  stopped.  As  much  heat  ia  given  out  during  the  condensation  of  Qm 
"  '!  necessary  to  surroond  the  condensing-veBsel  with  cold  water. 

mple  wash-bottle  figured  in  the  drawing  will  be  found  un  eioeedinglj- 

Vsefol  aontrivance  in  a  gretit  number  of  chemiaal  operations.     It  servea  in  the 

I  many  similar  cases,  to  retain   any  liquid  or  solid   matter 
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mically  carried  over  with  the  gas,  and  it  may  be  always  employed  when 
of  any  kind  is  to  be  passed  through  an  alkaline  or  other  solution.     The 
tube  dipping  into  the  liquid  prevents  the  possibility  of  absorption,  by 
.  a  partial  yacuum  would  be  occasioned,  and  the  liquid  of  the 
d  vessel  lost  by  being  driven  into  the  first.  11g>  U4* 

3  arrangement  by  which  the  acid  is  introduced  also  deserves  a 
int's  notice.  The  tube  is  bent  twice  upon  itself,  and  a  bulb 
I  in  one  portion,  the  liquid  poured  into  the  funnel  rises  upon 
pposite  side  of  the  first  bend  until  it  reaches  the  second  ;^  it  then 

over  and  runs,  into  the  flask.  Any  quantity  can  then  be  got 
he  latter  without  the  introduction  of  air,  and  without  the  escape 
s  from  the  interior.  The  funnel  acts  also  as  a  kind  of  safety- 
,  and  in  both  directions ;  for  if  by  any  chance  the  delivery 
should  be  stopped,  and  the  issue  of  gas  prevented,  its  increased 
c  force  soon  drives  the  little  column  of  liquid  out  of  the  tube, 
^s  escapes,  and  the  vessel  is  saved.  On  the  other  hand, 
kbsorption  within  is  quickly  compensated  by  the  entrance 
r  through  the  liquid  in  the  bulb.  The  plan  employed  on 
&rge  scale  by  the  manufacturer  is  the  same  in  principle  as 
described;  he  merely  substitutes  a  large  iron  cylinder,  or 
*atus  made  of  lead,  for  the  flask,  and  vessels  of  stoneware  for 

of  glass. 

re  solution  of  hydrochloric  acid  is  transparent  and  colorless :  when  strong, 
mes  in  the  air  by  disengaging  a  little  gas.  It  leaves  no  residue  on 
)ration,  and  gives  no  precipitate  or  opacity  with  diluted  solution  of 
Lde  of  barium.  When  saturated  with  the  gas,  it  has  a  specific  gravity 
21,  and  contains  about  42  per  cent,  of  real  acid.  The  commercial  acid 
isually  a  yellow  color,  and  is  very  impure,  containing  salts,  sulphurio 
chloride  of  iron,  and  organic  matter.  It  may  be  rendered  sufficiently 
for  most  purposes  by  diluting  it  to  the  density  of  1-1,  which  happens 

the  strong  acid  is  mixed  with  its  own  bulk  or  rather  less  of  water,  and 
distilling  it  in  a  retort  furnished  with  a  Liebig's  condenser, 
[nixture  of  nitric  and  hydrochloric  acids  has  long  been  known  under  the 
I  of  aqua  regia,  from  its  property  of  dissolving  gold.  When  these  two 
ances  are  heated  together,  they  both  undergo  decomposition,  hyponitrio 
and  chlorine  being  evolved.  This  at  least  appears  to  be  the  final  result 
9  action ;  at  a  certain  stage,  however,  two  peculiar  substances,  consisting 
trogen,  oxygen,  and  chlorine  (chlorohyponitric  acid^  and  chloronitroijis 
),  appear  to  be  formed.  It  is  chiefly  the  chlorine  which  attacks  the 
I. 

e  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride,  is  easily 
ted  by  solution  of  nitrate  of  silver.  A  white  curdy  precipitate  is  pro- 
1,  insoluble  in  nitric  acid;  freely  soluble  in  ammonia,  and  subject  to 
:eii  by  exposure  to  light. 

«NOiCls.  •NOmOL 
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^^^PlBS  CHLORINE. 

CompouniU  of  C/iUrint  and  Oiygtn 

Although  tbue  bodies  neier  oombioe  directly,  Ibej  iroj  be  made  to  ml 
by  oinaitDUB  metuiB  in  file  different  proportione,  as  below :  — 

CompotitiOB  tywd^ti 

Hypoohlorone  »cid 36-6          8^ 

^^m                 Chlorous  ncid 86-6  S4 

^^L                llypochloria  acid 86-6  82       \ 

^^H                Chloric  Hoid 86-6  40 

^^^P                Feroblario  acid'  .......  85-6  CO 

f  HTpochlorouB  and  chlorio  aoids  are  generated  by  the  action  of  dhlorine  i 

eertain  metallic  oxides ;  the  fonner  in  the  cold,  the  latter  at  b  high  tnnp« 
ture.  Chlorous,  hypochlorio,  and  perchloric  acids  resnlt  from  the  decomt 
■ition  of  chloric  acid. 

Eypoehlatovi  Add.  —  This  is  best  prepared  by  the  action  of  chlorine  j 
upon  red  oxide  of  mercury.  It  is  a  pnle-yellow  ttneeous  body,  contaJninE, 
eterj  two  maBBurel,  two  meaBOreB  of  chlorine  and  one  of  oxygen.  It  la  M 
freely  Bolnble  in  water,  and  explodes,  although  with  no  great  violence,  1 
Bhght  elcTatioa  of  temperature.  The  odor  of  this  gas  is  peculiar,  and  b 
remotely  rcaembles  Ibat  of  chlorine.  It  bleaches  powerTultj.  and  seta  up 
certain  of  the  metals  in  a  manner  which  is  determined  by  their  reapecti 
attractions  for  oxygen  and  chlorine.  It  forms  with  the  alkaliea  a  aeries 
bleaching  salts. 

The  preparations  called  thloride  of,  cr  ehlorinatfd,  lime  and  tada,  eonh 
hypochloroua  acid.  A  description  of  these  will  be  found  under  the  head  i 
SaltB  of  Lime. 

The  reaction  by  which    hypochloroua    acid   ie  produced   may   tbna  ■ 

I  illnstrated:  — 

^^^  Chlorine      ^^_^__.--  HjpochloroTiB  sold. 

^^B  Oxide  of  5  Meroury  -~~^_;-^^---''^ 

^^H  mercory  J  Oxygen  ~~-,,,,^^ 

^^^P  Chlorine      Chloride  of  mercnry.* 

I  The  chloride  of  mercury,  however,  does  not  remain  as  such ;  it  comUli 

with  another  portion  of  the  oxide,  when  the  latter  is  in  excess,  forminK 
peculiar  brown  compound,  an  oiychloride  of  mercury.' 

ChloTBui  Acid.  —  This  substance  is  prepared  by  healing  in  a  flask  filled 

I  the  neok  a  mixture  of  4  parts  of  chlorate  of  potassa  and  3  parts  of  araenie 
wrid  with  12  parts  of  nitric  acid  previously  diluted  by  4  patta  of  wU 
'  Hjpocliloroiu  wM CIO 
Oblorooi  Kcld ClOi 
Hypochlorio  udd Clo* 
Chlortoacta CIO. 
pMchlorio  MM OH>i 
•        2HgO            +           H!l          =            HgCl.HgO          +                aO 
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During  the  operation,  whicli  must  be  performed  in  a  water-bath,  a  greenish- 
yellow  gas  is  evolved,  which  is  sparingly  soluble  in  water,  and  cannot  be 
condensed  by  exposure  to  a  freezing  mixture.  It  slowly  combines  witL  bases, 
producing  a  class  of  salts  called  chlorites.  The  process  which  gives  rise  to 
chlorous  acid  is  rather  complicated.  The  arsenious  acid  deprives  the  nitric 
acid  of  part  of  its  oxygen,  reducing  it  into  nitrous  acid,  which  is  oxidized 
again  at  the  expense  of  the  chloric  acid.  This,  by  the  loss  of  two-fifths  of  ita 
oxygen,  becomes  chlorous  acid.  ^ 

Hypoehloric  Acid;  Peroxide  of  Chlorine, — ^Chlorate  of  potassa  is  made  into  a 
past«  with  concentrated  sulphuric  acid,  and  cooled :  this  is  introduced  into  a 
small  glass  retort,  and  very  cautiously  heated  by  warm  water;  a  deep- 
yellow  gas  is  evolved,  which  is  the  body  in  question :  it  can  be  collected  only 
by  displacement-,  since  mercury  decomposes  and  water  absorbs  the  gas. 

Hypoehloric  acid  has  a  powerful  odor,  quite  different  from  that  of  the 
preceding  compounds,  and  of  chlorine  itself.  It  is  exceedingly  explosive, 
being  resolved  with  violence  into  its  elements  by  a  temperature  short  of  the 
boiling-point  of  water.  Its  preparation  is,  therefore,  always  attended  by 
danger,  and  should  be  performed  only  on  a  small  scale.  It  is  composed  by 
measure  of  one  volume  of  ^^hlorine  and  two  volumes  of  oxygen,  condensed  into 
two  Tolumes.i  It  may  be  liquefied  by  cold.  The  solution  of  the  gas  in  water 
bleaches.     Salts  of  this  acid  hav  J  not  yet  been  obtained. 

The  euehlorine  of  Davy,  prepared  by  gently  heating  chlorate  of  potassa  witk 
dilute  hydrochloric  acid,  is  probably  a  mixture  of  chlorous  acid  and  free 
chlorine. 

The  production  of  hypoehloric  acid  from  chlorate  of  potassa  and  sulphuric 
acid  depends  upon  the  spontaneous  splitting  of  the  chloric  acid  into  hypoehloric 
acid  and  perchloric  acid,  which  latter  remains  in  union  with  the  potassa.* 

When  a  mixture  of  chlorate  of  potassa  and  sugar  is 
touched  with  a  drop  of  oil  of  vitriol,  it  is  instantly  set 
on  fire ;  the  hypoehloric  acid  disengaged  being  decom- 
posed by  the  combustible  substance  with  such  violence 
as  to  cause  inflammation.  If  crystals  of  chlorate  of 
potassa  be  thrown  into  a  glass  of  water,  a  few  small 
fragments  of  phosphorus  added,  and  then  oil  of  vitriol 
poured  down  a  narrow  funnel  reaching  to  the  bottom 
of  the  glass,  the  phosphorus  will  burn  beneath  the 
surface  of  the  water  by  the  assistance  of  the  oxygen 
of  the  hypoehloric  acid  disengaged.  The  liquid  at  the 
same  time  becomes  yellow,  and  acquires  the  odor  of 
that  gas. 

Chloric  Acid, — This  is  the  most  important  compound 
of  the  series.  When  chlorine  is  passed  to  saturation 
into  a  moderately  strong  hot  solutii^n  of  caustic  potassa, 
or  the  carbonate  of  that  base,  and  the  liquid  concentrated  by  evaporation,  it 
furnishes,  on  cooling,  flat  tabular  crystals  of  a  colorless  salt,  consisting  of 
potassa,  combined  with  chloric  acid.  The  mother-liquor  contains  chloride 
of  potassiouL   In  this  reaction  a  part  of  the  potassa  is  decomposed ;  its  oxygen 
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*  In  equivalents,  as  already  stated,  CIO4. 

'2  eq.  chlorine  ■     ^ 

*  3  eqniv.  ehlorie  add 

'"  eq. 


{2  eq.  chlorine  — — 
8  eq.  oxygen  —  " 
7  eq.  oxygen  
1  eq.  ohiorine 


2  eq.  hypoehloric  add. 
'1  eq.  perchloric  add. 


«(K0,C10») -f  a(H0,80i)     =    2CIO4      +       ClOr      -}-     8(KO,808) 


Chlorate  of 
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Sulphuric     Hypoehloric     Perchloric 
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BBOMINE. 

soidUiim  with  one  portion  of  cblorine  to  form  cblorio  acid,  wliile  the  potcn) 
Ig  taken  up  b;  >  Becond  portion  of  (be  tame  eobiiluice.' 

From  chlorate  of  patsasa  chloric  acid  mii}  be  obloiaed  by  trailing  the  ■ 
vilh  t,  solution  of  hydrofluosilicic  scid,  nhicb  formn  an  almost  inioluble  a 
«ilb  potasBii,  decanting  tbe  cUnr  liquid,  and  dieting  it  vitb  s  little  silii 
Tbich  removee  the  cxceES  of  the  bydrofluosiUcio  scid.  FillratJoo  tiaon 
P«per  must  be  avoided. 

By  cautiona  evaporation,  tbe  acid  may  be  ao  far  eoncentreted  as  to  wmn 
«  syrupy  coDaistenoe;  it  is  then  Tery  easily  decompoB«ii.  It  Bgmetimea  a 
fire  to  paper,  or  other  dry  organic  matter,  in  couBequence  ot  the  facility  *i 
which  it  is  deoiidiied  by  oombuatible  bodiee. 

Tbe  cblorstcB  are  easily  reongniied ;  they  give  no  precipitate  when  in  sd 
Uon  with  nitrnte  :f  baryta  or  eilver;  tbey  CTolve  pure  oxygen  when  heat* 
passing  thereby  into  cbloridjs;  and  they  aflord,  when  treated  with  aulphot 
acid,  the  characteristic  explosive  yelluw  gas  already  deecribed.  The  dill 
solution  of  the  acid  has  no  bleacbing  power. 

Perchloric  Acid.' — Professor  Penny  bus  shown  that  when  powdered  eblon 
of  polassa  is  thrown  by  Bmall  portions  at  a  lime  into  hot  nitric  aoid,  a  ohan 
of  tbe  same  description  as  that  which  happens  when  snlptinrio  acid  is  tu 
tabes  place,  but  with  this  important  difference,  thai  the  chlorine  and  ong 
instead  of  being  cTolved  in  a  daugerous  stale  of  combination,  are  emittedl 
■tate  of  nixlwe.  The  result  of  the  reaction  is  a  mixture  of  nitrate  of  potal 
and  perchlarate  of  potassa,  which  may  he  readily  eeparated  by  their  difftttt 
of  solubility. 

By  treating  tbe  potassa-salt  in  tlie  manner  directed  for  cblorio  and*  i 
tree  acid  may  be  obtained  tolerably  pure.  It  may  be  concentrated  by  eru 
ration,  and  even  distilled  withont  change.  The  solution  flimee  sligbtlyin  1 
air.  and  has  a  specific  graiitj  of  1-65.  It  is  very  deliquescent  orhygroecapl 
acd  has  no  bleacbing  properties.  The  percfalorntcB  much  reaemble  the  " 
rates  ;  Ibcy  give  off  oxygen  wben  bcntcd  to  redness.  This  acid  is  the 
■table  of  the  cotspoands  of  chlorine  and  oxygen. 


I  Bromine  '  dates  back  to  1826  only,  having  been  dlBCOTered  bj  U.  B  _ 
of  Montpelier.  It  is  found  in  sea-water,  and  is  a  frequent  oonstltnent 
saline  springs,  chiefly  as  bromide  of  magnesium  ; — a  eeluljrated  spring  of  I 
kind  exists  near  Kreuznach,  in  Prussia.  Bromine  may  be  obtained  pan 
the  following  process,  which  depends  upon  Ibe  foct,  that  ether  agitated  * 
an  aqueous  solution  of  bromine,  removes  tbe  greater  part  of  that  substanORt 

Tbe  mother-liquor,  from  which  the  less  soluble  salts  have  separated  b;  at 
tsllisation,  is  exposed  to  a.  stream  of  chlorine,  and  then  shaken  up  int 
quantity  of  ether;  the  chlorine  deoomposes  Ibe  bromide  of  magnesiam,  i 
tiie  ether  dissolves  the  bromine  thus  set  free.  On  standing,  the  etheriol  BT 
tion,  having  a  fine  red  color,  separates,  and  may  be  removed  by  afiumd 


pOtuBlimL 
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pipette.  Caustic  potassa  is  then  added  in  excess,  and  heat  applied ;  bromide 
of  potassium  and  bromate  of  potassa  are  formed.  The  solution  is  evaporated 
to  dryness,  and  the  saline  matter,  after  ignition  to  redness  to  decompose  the 
bromate  of  potassa,  heated  in  a  small  retort  with  binoxide  of  manganese  and 
Bulphnrio  acid  dilated  with  a  little  water,  the  neck  of  the  retort  being  plunged 
into  cold  water.  The  bromine  volatilizes  in  the  form  of  a  deep-red  yapor, 
which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  thin  red  liquid  of  an  exceedingly  in- 
fuse color,  and  very  volatile;  it  freezes  at  about  19®  (-7°*2C),  and  boils  at 
145«-4  (63®C).  The  density  of  the  liquid  is  2-976,  /ind  that  of  the  vapor  5-39. 
The  odor  of  bromine  is  very  suffocating  and  offensive,  much  resembling  that 
of  iodine,  but  more  disagreeable.  It  is  slightly  soluble  in  water,  more  freely 
in  alcohol,  and  most  abundantly  in  ether.     The  aqueous  solution  bleaches. 

Hydrobromie  AcidA — This  substance  bears  the  closest  resemblance  in  every 
particular  to  hydriodic  acid ;  it  has  the  same  constitution  by  volume,  very 
nearly  the  same  properties,  and  may  be  prepared  by  means  exactly  similar, 
substituting  the  one  body  for  the  other.  The  solution  of  hydrobromie  acid 
has  also  the  power  of  dissolving  a  large  quantity  of  bromine,  thereby  acquiring 
a  red  tint.  Hydrobromie  acid  contains  by  weight  80  parts  bromine,  and  1 
part  hydrogen. 

Bromic  Add,' — Caustic  alkalis  in  presence  of  bromine  undergo  the  same 
change  as  with  chlorine,  bromide  of  the  metal  and  bromate  of  the  oxide  being 
produced ;  these  may  often  be  separated  by  the  inferior  solubility  of  the  latter. 
Bromic  acid,  obtained  from  bromate  of  baryta,  closely  resembles  chloric  acid; 
it  is  easily  decomposed.  The  bromates  when  heated  lose  oxygen  and  become 
bromides.  ^ 

No  other  compound  of  bromine  and  oxygen  has  yet  been  described. 

IODINE. 

This  remarkable  substance  was  first  noticed  in  1812,  by  M.  Courtois,  of  . 
Paris.  Minute  traces  are  found  in  combination  with  sodium  or  potassium  in 
8ea-water»  and  occasionally  a  much  larger  proportion  in  that  of  certain  mine- 
ral springs.  It  seems  to  be  in  some  way  beneficial  to  many  marine  plants,  as 
these  latter  have  the  power  of  abstracting  it  from  the  surrounding  water,  and 
accumulating  it  in  their  tissues.  It  is  from  this  source  that  all  the  iodine  of 
commerce  is  derived.  It  has  lately  been  found  in  minute  quantity  in  some 
ahimiif^ns  slates  of  Sweden,  and  in  several  varieties  of  coal  and  turf. 

Kdpf  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  the  inhabitants 
of  the  Western  Islands  and  the  northern  shores  of  Scotland  and  Ireland,  is 
treated  with  water,  and  the  solution  filtered.  The  liquid  is  then  concentrated 
by  evaporation  until  it  is  reduced  to  a  very  small  volume,  the  chloride  of 
sodium,  carbonate  of  soda,  chloride  of  potassium,  and  other  salts  being  removed 
as  they  successively  crystallize.  The  dark-brown  mother-liquor  left  contains 
very  nearly  the  whole  of  the  iodine,  as  iodide  of  sodium,  magnesium,  &c. ;  this 
is  mixed  with  sulphuric  acid  and  binoxide  of  manganese,  and  gently  heated 
in  a  leaden  retort,  when  the  iodine  distils  over  and  condenses  in  the  receiver. 
The  theory  of  the  operation  is  exactly  analogous  to  that  of  the  preparation 
of  chlorine ;  it  requires  in  practice,  however,  careful  management,  otherwise 
the  impurities  present  in  the  solution  interfere  with  the  general  result' 

The  manganese  is  not  really  essential ;  iodide  of  potassium  or  sodium,  heated 
with  an  excess  of  sulphuric  acid,  evolves  iodine.     This  effect  is  due  to  a 

«  HBr.  •  BrO». 

•      KI       +         MnOa      +   2(HO,SOs)   =:       I       +       EO,SOa     +     MnO,SOs 

Iodide  of        Binoxide  of        Sulphuric         Iodine.         Sulphate  of        Sulphate  of 
poUMliim.       manganese.  add.  potassai  mau^Bu^oiA. 
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BBonndary  Mlion  bctwwn  the  hydnqdio  ncid  Erst  produepd,  ssd  the  eieew  1 
the  Bulpliuric  ncid,  in  nhiub  bgth  Buffer  decompoiutlau,  yielding  iodine,  irata 
and  BDlpliuroafl  ncid. 

Iodine  crjsiBilUies  in  plnt^s  ar  icnlea  of  n  bluinb-btack  color  nnd  h 
netallio  lustre,  resembling  that  of  pUimbngo ;  tlie  cryslals  ttre  sonielitl 
lartiB  and  brillinnt.     Its  deneity  is  4-C48.     At  2'ib'  (107°'2C)  il  TtiaM,  utd; 
8*7"  (175»C)  bolls,  the  vFipor  baring  an  eiceeilinjly  beautiful  yiulet  e  ' 
It  is  slowly  Tolalile,  boweter,  at  cammon  temperatures,  and  exhales  an 
tnuch  resembling  that  of  chlorine.     The  density  of  llie  vapor  is  i 
requires  for  soloOon  aboot  7000  parts  of  water,  which  oeyertbeleBS  aeqnifi 
Si  brown  color;  in  alcohol  it  is  much  more  freely  soloble.     SoIiitiDDB  of  hydi 
odic  acid  and  the  iodides  of  the  alkaline  metals  also  dis^nlve  a  large  qaanlilj 
Oiese  snlutions  are  not  decomposed  by  water,  which  is  the  esse  witli  the  alt 

This  substance  stains  the  skin,  but  not  permanentty ;  it  bus  a  ^trj  eni 
gelic  action  npon  the  animal  system,  and  is  much  used  in  medicine. 

One  of  the  moat  diaraclerislio  properties  of  iodine  is  the  prodaction  oj 
splendid  blue  color  by  contacC  with  the  orgauio  prinoiple,  etflrch.  Tho  ioifi 
for  this  purpose  must  be  free  or  unoombined.  It  is  easy,  however,  to  ma 
tbe  tent  available  for  the  purpose  of  recogniiing  the  presence  of  the  denu 
In  question  when  a  soluble  iodide  is  suspected ;  it  is  only  neoensary  to  mit 
tery  amall  qoantity  of  cblorine-waler,  when  the  iodine,  being  diBplaoed  £b 
dombination,  becomes  copable  of  acting  upon  the  Btareh. 

Ilydriodic  Add.— Ike  simplest  prooen  ! 
Ra- 11".  preparing  hydriodic  acid  gas  is  to  jntrodll 

into  a  glass  tube,  sealed  at  one  eitremitK 
little  iodine,  then  a  small  quantilj  of  rou^ 
powdered  glass  moistened  with  water,  nf 
tliis  a  few  little  fragments  of  phoBpfaoros,  i 
lastly  mora  glass;  this  order  of  iodine,. g|l 
phosphoruB,  glass,  is  repeated  undl  the  h 
JB  half  or  two-thirds  filled.  A  oork  and  t 
row  bent  lube  are  then  fitted,  and  gentle  hi. 
apphed.  The  gas  ia  best  collected  by  i 
placement  of  air.  The  eiperiment  depi 
on  tbe  formation  of  an  iodide  of  pfaospho 
and  its  Bubseqnent  decomposition  bj  wi 
hydrated  phosphorous  acid  and  iodidf  of ! 
drogen  being  produced.'  The  glass  m 
aerrea  to  moderate  the  violence  of  the  », 
of  the  iodine  upon  the  phosphoras. 

Hydriodic  acid  gas  greatly  resembles 
corresponding  chlorine  compound ;  it  ia  Mil 
less,  "»*  Mgbly  acid;  it  fnmes  in  the  air,  and  is  very  Boluble  in  watcfc 
density  Is  about  44.  By  weight  it  is  composed  of  127  parts  iodine  w 
part  hydrogen  ;  and  by  measure,  of  equal  volumes  of  iodine-vapor  and  bid 
gen  united  vtitboaC  condensntion. 

Solution  of  hydriodic  acid  may  be  prepared  by  a  process  much  less 
iome  than  the  above.     Iodine  in  fine  powder  is  suspended  in  water,  ti 
stream  of  washed  sulphuretted  hydrogen  passed  through  the  miiture  j  Buli 
IS  depusived,  and  the  iodine  converted  into  hjdriodio  ncid.      When  the  li( 
has  becc  -.  -    .         .    .  .    .  ... 
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g«n,  and  filtered.  The  solution  cannot  long  be  kept,  especially  if  it  be  strong; 
Sie  oxygen  of  the  air  gradually  decomposes  the  hydriodic  acid,  and  iodine  is 
■et  free,  which,  dissolving  in  the  remainder,  communicates  to  it  a  brown  color 

Compounds  of  Iodine  and  Oxygen, 
The  most  important  of  these  are  the  iodic  and  periodic  acids. 

Compoeition  by  weight. 

Iodine.       Oxygen. 

Iodic  acid 127  40 

Periodic  acid  1 127  56 

lodit  add  may  be  prepared  by  the  direct  oxidation  of  iodine  by  nitric  acid 
of  specific  gravity  1  *5 ;  5  parts  of  dry  iodine  with  200  parts  of  nitric  acid  are 
kept  at  a  boiling  temperature  for  several  hours,  or  until  the  iodine  has  disap- 
peared. The  solution  is  then  cautiously  distilled  to  dryness,  and  the  residue 
dIflSoWed  in  water  and  made  to  crystallize. 

Iodic  acid  is  a  very  soluble  substance ;  it  crystallizes  in  colorless,  six-sided 
tables,  which  contain  water.  It  is  decomposed  by  heat,  and  its  solution 
readily  deoxidized  by  sulphurous  acid.  The  iodates  much  resemble  the  chlo- 
rates ;  that  of  potassa  is  decomposed  by  heat  into  iodide  of  potassium  and 
oxygen  gas. 

Periodic  Acid. — When  solution  of  iodate  of  soda  is  mixed  with  caustic  sodai 
and  a  current  of  chlorine  transmitted  through  the  liquid,  two  salts  are  formed, 
namely,  chloride  of  sodium  and  a  combination  of  periodate  of  soda  with 
hydrate  of  soda,  which  is  sparingly  soluble.^  This  is  separated,  converted 
into  a  silver-salt,  and  dissolved  in  nitric  acid :  the  solution  yields  on  evapora- 
tion crystals  of  yellow  periodate  of  silver ;  from  which  the  acid  may  be  sepa- 
rated by  the  action  of  water,  which  resolves  the  salt  into  free  acid  and  inso- 
luble basic  periodate. 

The  acid  itself  may  be  obtained  in  crystals.  It  is  permanent  in  the  air,  and 
oapable  of  being  resolved  into  iodine  and  oxygen  by  a  high  temperature. 

FLUORINE. 

This  element  has  never  been  isolated,  at  least  in  a  state  fit  for  examination ; 
its  properties  are  consequently  in  great  measure  unknown ;  from  the  observa- 
tions made,  it  is  presumed  to  be  gaseous,  and  to  possess  color,  like  chlorine. 
The  compounds  containing  fluorine  can  be  easily  decomposed,  and  the  element 
transferred  from  one  body  to  another ;  but  its  extraordinary  chemical  ener- 
gies towards  the  metals  and  towards  silicium,  a  component  of  glass,  have 
hitherto  baffled  all  attempts  to  obtain  it  pure  in  a  separate  state.  As  fluoride 
of  calcium  it  exists  in  small  quantities  in  many  animal  substances,  such  as 
bones.  Several  chemists  have  endeavored  to  obtain  it  by  decomposing  fluoride 
of  silver  by  means  of  chlorine  in  vessels  of  fluor-spar,  but  even  these  experi- 
ments have  not  led  to  a  decisive  result. 

Hydrofbioric  Aeid.^ — When  powdered  fluoride  of  calcium  (fluor-spar)  is 
heated  with  concentrated  sulphuric  acid  in  a  retort  of  platinum  or  lead  con- 
nected with  a  carefully-cooled  receiver  of  the  same  metal,  a  very  volatile 
colorless  liquid  is  obtained,  which  emits  copious  white  and  highly-suff^ocating 

» I0»  and  lOr. 

•    NaO,IO»       -I-     3NaO      -i-  2C1  =  2NaO.IOT         +  2NaCl 


Soda.  Chlorine  Basic  Periodate  Chloride  of 

*  of  soda.  sodiaia. 
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fumes  in  the  air.  This  was  formerly  belicTed  to  be  the  acia  in  an  anhjdiMi 
state.  M.  Louyct,  however,  states  that  it  still  contains  water,  and  that  hjdnn 
fluoric  acid,  like  hydrochloric  acid,  when  anhydrous,  is  a  gas.  The  anhydroil 
acid  may  be  prepared,  according  to  Frcmy,  by  distilling  hydrofluate  of  fliio* 
ride  of  potassium  in  a  platinum  yesscl  The  acid  is  gaseous  at  ordinary  tem- 
peratures. In  a  frigorific  mixture  it  exists  as  a  fluid,  which  acts  riolentl^  OB 
water  and  evolves  white  fumes. 

When  hydrofluoric  acid  is  put  into  water,  it  unites  with  the  latter  with 
great  violence :  the  dilute  solution  attacks  glass  with  great  facility.  The  ooa^ 
centruted  acid  dropped  upon  the  skin  occasions  deep  and  malignant  nloers,  se 
that  g^at  care  is  requisite  in  its  management.  Hydrofluoric  aoid  eontaias 
19  parts  fluorine  and  1  part  hydrogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis  of  silioeoas 
minerals,  when  alkali  is  to  be  estimated ;  it  is  employed  also  for  etdiing  oa 
glass ;  for  which  purpose  the  acid  may  be  prepared  in  vessels  of  lead,  thit 
metal  being  but  slowly  attacked  under  these  circumstances.  The  vapor  of  tin 
acid  is  also  very  advantageously  applied  to  the  same  object  in  the  following 
manner :  the  glass  to  be  engraved  is  coated  with  etching-ground  or  wax,  ani 
the  design  traced  in  the  usual  way  with  a  pointed  instrument  A  shallow 
basin,  made  by  beating  up  a  piece  of  sheet-lead,  is  then  prepared,  a  litth 
powdered  fluor-spar  placed  in  it,  and  enough  sulphuric  acid  added  to  ffum 
with  the  latter  a  thin  paste.  The  glass  is  placed  upon  the  basin,  with  tin 
waxed  side  downwards,  <and  gentle  heat  applied  beneath,  which  speedily  ^ 
engages  the  vapor  of  hydrofluoric  acid.  In  a  very  few  minutes  the  operatioa 
is  complete ;  the  glass  is  then  removed  and  cleaned  by  a  little  warm  oil  of  turpei^ 
tine.    When  the  experiment  is  successful,  the  lines  are  very  clean  and  nnootfa. 

No  combination  of  fluorine  and  oxygen  has  yet  been  discovered. 

SILICIUM. 

Silicium,  sometimes  called  silicon,  in  union  with  oxygen  constituting  wSkk, 
or  the  earth  of  flints,  is  a  very  abundant  substance,  and  one  of  great  import- 
ance. It  enters  largely  into  the  composition  of  many  of  the  rocks  and  mfaunl 
masses  of  which  the  surface  of  the  earth  is  composed.  The  following  proesM 
yields  silicium  most  readily.  The  double  fluoride  of  silicium  and  potassim 
is  heated  in  a  glass  tube  with  nearly  its  own  weight  of  metallic  potassiaaii 
violent  reaction  ensues,  and  silicium  is  set  free.  When  cold,  the  contents  of 
the  tube  are  put  into  cold  water,  which  removes  the  saline  matter  and  any 
residual  potassium,  and  leaves  the  silicium  untouched.  So  prepared,  silidoB 
is  a  dark-brown  powder,  destitute  of  lustre.  Heated  in  the  air,  it  bums,  ud 
becomes  superficially  converted  into  silica.  It  is  also  acted  upon  by  sulphur 
and  by  chlorine.  When  silicium  is  strongly  heated  in  a  covered  crucible,  itf 
properties  arc  greatly  changed ;  it  becomes  darker  in  color,  denser,  and  incom- 
bustible, refusing  to  bum  even  when  heated  by  the  flame  of  the  oxy hydrogen 
blowpipe. 

According  to  recent  researches  by  Wohler  and  Deville,  silicium,  like  earboni 
is  capable  of  existing  in  three  different  modifications.  The  modification  above 
mentioned  corresponds  to  the  amorphous  variety  of  carbon  (lampblack).  The 
researches  just  quoted  have  established  the  existence  of  modifications  conre- 
spending  to  the  diamond,  and  to  the  graphite-variety  of  carbon.  The  dia- 
niomi  mollification  of  silicium  is  most  readily  obtained  by  Introducing  into  a  red- 
hot  cnioiblo  a  nuxtiiro  of  3  parts  of  silico- fluoride  of  potassium,  1  part  of 
sodium  in  small  fragments,  and  1  part  of  granulated  xinc,  and  heating  to  p€^ 
foot  fusion.  On  slowly  cooling  there  is  formed  a  button  of  line,  covered  wwl 
interspersed  with  needle-shaped  crystals  consisting  of  octohedra,  joined  in  the 
direction  of  the  axis.  This  crystallized  siliciunh  which  may  be  readily  fireed 
from  zinc  by  treatment  with  acids,  resembles  crystallised  hematite  in  ndor 
Muti  appearance;  it  scratches  glass,  and  fuses  at  a  temperature  approtdunf 


SILtOtOM. 


168 


Vif.  117. 


ih«  tnel ting-point  or  oaat-iron.  The  grapbite  modificatian  tt  Bilicinm  is  pre- 
pared bj  fusiog,  Id  a  Hessian  crucible,  6  parts  of  soluble  glass  (ailioafe  of 
|Kita«a),  10  parta  of  crjoliCh  (fluoride  of  Eodium  and  aluminium),  with  1 
part  of  alumiuium.  On  trealing  tlie  resulting  button  of  aluminiuni  with 
hydroohlorio  aoid,  the  silidum  remains  in  the  form  of  scalf  crjetala,  resem- 
l^Dg  graphite,  but  of  somewhat  brighter  color,  scratching  glass,  like  the  ftt-, 
TiouB  modifioatioD.     It  is  infusible.     Its  specific  gravity  is  2-49. 

Silica.  —  This  is  the  onl;  known  oxide;  it  contaica  21-3  parts  silicium,  and 
34  parts  oxygen.i  ColorlesB  tranaparent  rocii-crjatal  conaiats  of  silica  Tery 
nearlj  in  a,  state  of  puritj :  oommon  qnnrtz,  agate,  oslcedonj,  Sint,  and  seve- 
T^  oUier  minerals,  are  alao  chiefl;  composed  of  tbia  substance. 

The  experiment  about  to  be  described  furaisbes  sihca  in  a  atate  of  complete 
parity,  and  at  the  same  time  exhibits  one  of  the  most  remarkable  properties 
of  culioium,  namely,  its  attraction  for 
flnorine.  A.  loiitiire  is  made  of  eqnul 
paria  flaor-spar  and  glaas,  both  finely 
powdered,  and  introduoed  iato  a  glasa 
flask,  witii  a  quantity  of  oil  of  Titriol. 
A  tolerably  wide  bent  tube,  fitted  to  the 
flaak  by  a  cork,  passes  to  the  bottom  of 
ft  glass  jar,  into  which  enough  mercury 
Is  poured  to  corer  the  eitremilj  of  the 
tnbe.  The  jnr  is  then  half  filled  with 
water,  nod  heat  ia  applied  to  the  fln?k, 

Tbe  first  effect  is  the  disengngemci^t 
of  hydroflnorie  ncid :  this  substance, 
howBTer,  finding  itaelf  in  contact  with 
the  eilica  of  the  powdered  glass,  under- 
goes decomposition,  water  and  fluoride 
of  ulicium  beiog  produced.  The  latter 
is  B  permaosnt  gas,  which  escapes  fj'om 
^e  flask  by  the  bent  tube.  By  oootact 
with  a  large  quantity  of  water,  it  ia  in  turn  decomposed,  yielding  silica,  which 
Mparates  in  a  beautiful  gelatinous  condition,  and  an  acid  liquid  whioh  ia  a 
double  fluoride  of  silicium  and  hydrogen,  commonly  called  hydrofluosilicie 
add.'  The  silica  may  be  collected  on  a  cloth  flICer,  well  washed,  dried,  and 
o  redness  to  eipel  water. 


iiu  tluortdB  of  Billdum. 
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The  acid  liqaid  ts  k?pt  ns  a  test  for  bityta  nni  potABBSi,  witb  wfalcb  it  nmH 
nenrly  inaoliible  precipita)«a,  tho  tlouble  fiuoride  uf  ailicium  nnd  poiawinv 
■  "  ig  used.  SB  was  Hinted,  in  tho  prpprirntion  of  filicium  The  fluori-ie  of 
'  riend  of  bving  coiiiluciiid  into  water,  mny  be  ciillECted  over  mer- 
carj:  it  is  a  permanent  gns,  destitute  of  color,  and  ver;  beaiy.  Adnitlled 
into  the  air,  it  condensoa  Ihe  molstare  of  the  latter,  givint-  rise  to  a  lliisk 
while  cloud.  It  is  important  in  the  eiperiment  above  deaurlbod  to  keep  ili* 
end  of  Che  delivery-lube  from  touahing  the  water  of  Che  jar:  otherwiee  it 
klmoat  inatantl;  becomes  stopped  ;   the  mercury  effects  this  object. 

There  is  another  method  by  which  pure  silica  can  be  prepared,  and  whioh 
is  also  very  inBtruetive.  tnaamuch  as  it  is  the  bnsis  of  the  proceeding  adopted 
la  the  analysis  of  all  siliceous  minerals.  Powdered  rock-crystal  or  fine  saDd 
is  mi<ed  wilh  about  three  limes  its  weight  of  dry  carbonate  of  soda,  and  tlit 
miitnre  fused  in  a  platinum  crucible.  When  cold,  the  gtnsBj  mass  is  boiled 
with  water,  by  which  it  is  softened,  and  almost  entirely  dissolved.  An  eiaess 
of  hydrochloric  acid  is  Ihea  added  to  the  filtered  liqnid,  and  the  whole  evapo- 
rated to  complete  dryness.  By  (hi?  treatment  (be  gelatioons  silica  thrown 
down  by  the  acid  becomes  eomplelely  insoluble,  and  remains  behind  when  t1i« 
dry  saline  mass  is  Irealed  wilh  acidulated  water,  by  which  the  alkaline  sslW, 
alumina,  sesquioiide  of  iron,  lime,  and  many  other  bodies  which  may  hnppes 
to  be  present,  are  renioved.  The  silica  is  washed,  diied,  and  heated  tn 
redness. 

The  most  prominent  charncters  of  silica  are  the  following :  it  is  a  Tcry  fine, 
white,  tasteless  powder,  not  sensibly  soluble  in  water  or  dilute  acids  (wilh  Iht 
exception  of  hydrofluoric)  unless  recently  precipiuled.  It  dissolvos,  on  tha 
contrary,  freely  in  strong  alkaline  solulioiia.  lis  density  is  about  2-66,  ud 
It  is  only  to  be  fused  by  the  oiyhydrogen  blowpipe. 

Silica  is  in  reality  an  acid,  and  a  very  powerful  one;  ineolubility  Jn  utttt 
proyents  lie  mnnifestation  of  noid  properties  under  ordinary  circumstanco*. 
When  heated  wilh  bases,  CBpecinlly  those  which  ore  capable  of  andergoiBf 
fusion,  it  unites  wilh  them  and  forms  true  snlle,  which  are  sometimes  solublt 
in  water,  as  in  the  case  of  the  silicates  of  potassa  and  soda  when  the  propor- 
tion ft  base  is  considemble.  Common  glass  is  a  mixture  of  several  silicilM 
in  which  the  reverse  of  this  happens,  the  silica,  or,  as  it  is  more  correctly 
cess.     Even  glass,  however,  is  slowly  acted  upas 


called,  silicic  acid,  being  in 
by  water. 
Finely-divided  silica  is  highly  useful 


1  the  manufacture  of  porcelai: 


This  substance  is  closely  related  to  sillciiim ;  it  is  the  basis  of  boracto  tcil 
Boron  is  prepared  by  a  process  very  similar  to  that  described  in  the  CHH 
of  silicium,  the  double  fluoride  of  boron  and  potassinm  being  aubslitoted  fei 
the  other  soICi  and  the  operation  conducted  in  a  small  iron  vessel  instead  ati 
glass  tube.  It  is  a  dull  greenish-brown  ponder,  which  burns  in  the  nirwliea 
heated,  producing  boracio  acid.  Nitric  acid,  alkalis  in  a  fused  candilion, 
chlorine,  and  other  agents,  attack  it  readily. 

By  processes  perfectly  analogons  to  those  adopted  for  the  preparation  of  lh> 
diamond  and  graphite  variety  of  silicium,  Wohler  and  Deville  have  procured 
also  the  corresponding  modifications  of  boron.  The  diamond  modification  of 
boron  crystallizes  in  square  oclohedro.  generally  of  a  brownish  color,  pi>B9«i- 
ling  very  nearly  the  hardness  and  refractive  power  of  diamond.  It  isinfuKible 
in  tho  flame  of  the  oiyhydrogen  blowpipe,  but  hums  in  oiygen  at  the  ssmt 
temperature  at  which  the  diamond  is  oiidized.  Its  sp.  gr.  is  2-68.  The  gra- 
phite mcdificnlion  of  boron  crystallizes  in  scaly  hexagonal  plates,  which  a 
every  respect  resemble  the  carbon  graphite.  Bulb  oiodificationB  form  fusible 
alloy B  wilh  platinum. 
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Tbert)  is  bat  one  oxide  of  boron,  namely  horacic  acid,  containing  10*9  parts 
«f  boron  and  24  parts  of  oxygen.^ 

Boraoio  acid  is  found  in  solution  in  the  water  of  the  hot  Tolcanic  lagoons  of 
Tuscany,  whence  a  large  supply  is  at  present  deriyed.  It  is  also  easily  made 
by  decomposing  with  sulphuric  acid  a  hot  solution  of  borax,  a  salt  brought 
from  the  East  Indies,  consisting  of  boracic  acid  combined  with  soda. 

Boracic  acid  crystallizes  in  transparent  colorless  plates,  soluble  in  about  25 
I>art8  of  cold  water,  and  in  a  much  smaller  quantity  at  a  boiling  heat ;  the 
M»d  has  but  little  taste,  and  feebly  affects  yegetable  colors.  When  heated,  it 
loses  water,  and  melts  to  a  glassy  transparent  mass,  which  dlssolyes  many 
metallic  oxides  with  great  ease.  The  crystals  contain  34-9  parts  of  real  acid, 
and  27  parts  of  water.'  They  dissolye  in  alcohol,  and  the  solution  burns  with 
a  gpreen  flame.  I 

Glassy  boracic  acid  in  a  state  of  fusion  requires  for  its  dissipation  in  yapor 
%  yery  intense  and  long-continued  heat:  the  solution  in  water  cannot,  howeyer, 
be  eyaporated  without  yery  appreciable  loss  by  yolatilizatinn ;  hence  it  is  pro- 
vable Uiat  the  hydrate  is  far  more  yolatile  than  the  acid  iflRlf. 

By  heating  in  a  glass  flask  or  retort  one  part  of  the  yitrified  boracic  acid,  2 
ef  fluor-spar,  and  12  of  oil  of  yitriol,  a  gaseous  fluoride  of  boron  may  be  ob- 
tained, and  receiyed  in  glass  jars  standing  oyer  mercury.  It  is  a  transparent 
gas,  Tery  soluble  in  water,  and  yery  heayy ;  it  forms  a  dense  fume  in  tiie 
like  flaoride  of  silicium.' 

*  BoO».  •  3HO,BoOi. 

*  These  two  bodSen  are  thus  oonstituted — SiFt,  acd  Bolik 
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ON   CERTAIN  IMPORTANT  COMPOUNDS  FORMED  BY  THE  UNIOH 
OF  THE  PRECEDING  ELEMENTS  AMONG  THEMSELVES. 

OOMPOUNDS  OF  CABBON  AND  BTDBOOEN. 

Thb  compounds  of  carbon  and  hydrogen  already  known  are  exceeding^ 
numerous;  perhnfH  all,  in  Btrictneps,  belong  to  the  domain  of  organic  che- 
mistry, as  they  cannot  bo  formed  by  the  direct  union  of  their  elements,  bnt 
always  aripe  from  a  decomposition  of  a  complex  body  of  organic  origin.  It 
will  be  found  conTcnieiit,  notwithstanding,  to  describe  two  of  them  in  tibisptrt 
of  the  Tolume,  as  they  Tcry  well  illustrate  the  important  subjects  of  eoBibiit' 
tion,  and  the  nature  of  flnme. 

Light  Carboneifed  or  Carburetted  Hydrogen;  Manh-gat;  Fire-damp;  Oottf 
the  Acetates. — This  gas  is  but  too  often  found  to  be  abundantly  disengaged  fai 
coal-mines  from  the  fresh-cut  surface  of  the  coal,  and  from  remarkable  apa> 
tures  or  '*  blowers,'*  which  emit  for  a  great  length  of  time  a  copious  Etreain  of 
jet  of  gas,  which  probably  existed  in  a  state  of  compression,  pent  up  in  tlM 
coal. 

The  mud  at  the  bottom  of  pools  in  which  water-plants  grow,  on  being  stfared, 
suffers  bubbles  of  gas  to  escape,  which  may  be  easily  collected.  This,  on 
examination,  is  found  to  be  chiefly  a  mixture  of  light  carbonetted  bydrogoi 
and  carbonic  acid;  the  latter  is  easily  absorbed  by  lime-water  or  caiutifi 
potassa. 

Until  recently,  no  method  was  known  by  which  the  gas  in  question  oonld  be 
produced  in  a  state  approaching  to  purity  by  artificial  means;  the  TarioiiB 
illuminating  gases  from  pit-coal  and  oil,  and  that  obtained  by  passing  tbe 
▼apor  of  alcohol  through  a  red-hot  tube,  contain  large  quantities  of  light  wi- 
bonettcd  hydrogen,  associated,  howeyer,  with  other  substances  which  hardly 
admit  of  separation.  M.  Dumas  was  so  fortunate  as  to  discoTer  a  method  by 
which  that  gas  can  be  produced  at  will,  perfectly  pure,  and  in  any  quantity. 

A  mixture  is  made  of  40  parts  crystallized  acetate  of  soda,  40  parts  sAd 
hydrate  of  potassa,  and  GO  parts  quicklime  in  powder.  This  mixture  is  trans- 
ferred to  a  flask  or  retort,  and  strongly  heated ;  the  gas  is  disengaged  in  greet 
abundance,  and  may  by  collected  over  water.' 

Light  carbonetted  hydrogen  is  a  colorless  and  nearly  inodorous  gas,  wbieh 
does  not  affect  vegetable  colors.  It  bums  with  a  yellow  flame,  generating 
carbonic  acid  and  water.  It  is  not  poisonous,  and  may  be  respired  to  a  great 
extent  without  apparent  injury.  The  density  of  this  compound  is  about  0'669^ 
100  cubic  inches  weighing  17*41  grains;  and  it  contains  carbon  andliydrogen 


*  Ann.  Chim.  et  Phys.  Ixxiii.  93.  The  reaction  confdsts  in  the  conTenion  of  the  yDe  «cMI« 
by  the  :iul  of  the  elements  of  water,  into  rnrbonic  acid  and  light  carbonetted  hydniiKeD;  the 
instability  of  the  organic  neiil  at  a  \\\^h  temperature,  and  the  attraction  of  the  potawa  for  Off* 
bonic  arid,  bein^  the  determining  cuuses.  The  lime  prevents  the  hydrate  of  potaiva  fttMl 
fusing  and  attacking  the  glass  Tcssels.  This  decomposition  is  best  understood  \tj  patting  ttb 
the  shape  of  an  equation. 

Acetic  acid  CiIIxOs  \  _  f  Carbonic  acid,  2  eq.  Ci     0« 
Water  II  0  \^\  Marsh-gas,  2  eq.       OsH* 

CiH404.  OiHiO*. 


OOMPODNDB    or    OAasON    AND    HTDSOOEN.       l?<t 

ooialed  In  the  proportion  at  6  parts  by  weight  of  the  formar  to  2  of  the 
Ultar.' 

When  100  meuBures  of  thia  gne  nri>  mixed  with  200  of  pure  oxygen  in  the 
eadiomelfir,  aod  the  mixture  eiplodeii  by  the  electric  spark,  100  measures  of 
a  gaa  remain  whioh  is  entirely  absorbable  by  a  little  sol uti on  of  caustic  potassa. 
Now  carbonic  acid  coataina  its  own  Tolume  of  oxygea ;  hance  one-half  tha 
oxygeo  added,  that  ia  100  measurea.  must  baie  been  consnmed  in  uniting 
witb  the  hydrogen.  Conseqoently,  the  gaa  muat  cootaia  twico  its  own  mea- 
■UTB  of  hydrogeo,  and  enough  carbon  to  produce,  when  completely  buroed,  an 
eqqnl  quantity  of  carbonic  acid. 

When  chlorine  is  mixcil  with  light  cnrbonetted  hydrogen  over  wnter,  no 

cbnngB  fallows,  provided  light  bo  excluded.     The  prssence  of  light,  however, 

bringH  about  decomposition,  hydrochloric  acid,  carbonic  acid,  and  Bometimea 

,     other  products  being  produced.     It  is  important  to  remsmbcr  that  the  gaa  ia 

not  acted  upon  by  chlorine  in  the  diirk. 

Olrjiaal  Oa: — Strong  spirit  of  wine  is  iniieil  with  five  or  six  times  ita 
weight  of  oil  of  vitriol  in  a  glass  flask,  tlie  lube  of  nbioh  passea  mto  a  wash- 
boltla  contiiining  eauslic  poraasa.  A  aecond  wash-bottle,  partly  filled  with 
ail  of  vitriol,  is  connected  with  the  Erst,  and  furnished  with  a  tube  dipping 
into  the  water  of  the  pneumatic  trough.  On  the  first  application  of  beat  to 
the  ooDlents  of  the  flask,  alcohol,  and  afterwards  ethor,  make  their  appear- 
ance ;  but,  aa  the  temperature  rises,  and  the  mixture  blackens,  the  ethei^vapor 
diminishes  in  (|nantity,  and  ita  place  becomes  in  great  part  supplied  by  a  per- 
manent inflammable  gasj  carbonic  acid  and  anlpburous  acid  are  also  gene- 
rated at  the  same  time,  besides  tracea  of  other  products.  The  two  last  men- 
tioucd  gases  nre  absorbed  by  the  alkali  in  the  first  bottle,  and  the  clher-vnpor 
by  the  acid  in  the  seaond,  bo  that  the  olefiant  gna  ia  delivered  tolerably  pure. 
The  reaction  is  too  complex  to  be  disDusaed  at  the  present  moment ;  it  will  be 
found  faliy  described  in  another  part  of  the  lolanie.  Olefiant  gas  thua  pro- 
duced ia  colorless,  neutral,  and  but  slightly  soluble  in  water.  Alcohol,  ether, 
oil  of  turpentine,  and  even  olive  oil,  aa  Mr.  Faraday  has  obserrec],  diaaolre  il 
to  ft  coasiderable  extent.  It  haa  a  faint  odor  of  garlic.  On  the  approach  of 
a  kindled  taper  it  takes  fire,  and  bums  with  a  splendid  white  light,  far  sur- 
passing in  brilliancy  (hat  produced  by  light  carbonetted  hydrogen.  This  gas, 
when  mixed  with  oxygen  and  fired,  explodes  with  extreme  violence.  It*  denr 
sity  is  0'9gl  1  100  cubic  inches  weigh  30-5T  grains.' 

By  the  ase  of  the  eadlometer,  as  already  described,  it  has  been  found  that 
«aeb  measure  of  olefiant  gas  requires  for  complete  combustion  exactly  three 
of  oxygen,  and  produces  under  these  cimumstinces  two  measures  of  carbonio 
acid.  Whence  it  ia  evident  that  it  contikina  twice  its  own  volume  of  hydrogen, 
eorablned  with  twice  aa  much  carbon  as  in  marsh  gaa. 

By  weight,  these  proportions  will  be  12  parts  carbon,  and  2  parts  hydrogen. 
Olefiant  gas  is  decomposed  by  passing  it  through  a  tube  healed  to  bright 
redness;  a  deposit  of  charcoal  and  tar  (akea  pliioe,  and  the  gas  becomes  con- 
verted into  light  carbonetted  bydrogeo,  or  even  into  free  hydrogen,  if  the 
lempemture  be  very  high,     This  latter  change   is  of  course   attended  by 

Chlorine  acts  upon  olefiant  gas  in  a  very  remarkable  manner.  When  tba 
two  bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal  measures,  and 
pv«  rise  to  a  heavy  oily  liquid,  of  swectiah  taste  and  ethereal  odor,  to  which 

•  Tba  two  etiiMa  ofbrdroKaTi  inn  dennHei  nrs  tbni  reprexntfd  In  equIvaleBts:— 
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the  name  of  chloride  nf  hydroonrbon,  nr  DoUh  liqnid,*  is  givea.     It  la 
this  peeulisrit;  that  (ho  term  olrJiaM  gns  U  dvriTed. 

A  pleasing  and  instractiTo  Biperiment  mny  also  be  mride  by  miiing  in 

£r  two  measures  of  chlorine  and  one  of  oiefialit  gas,  and  then  (|niokly  n^r—, 
g  a  light  Id  the  month  of  the  TOSBel.   The  chlorine  nnd  hydrogen  unite  w 
flame,  which  pMses  quickly  doKu  the  jar,  while  the  whole  of  the  cuboo  is 
free  in  the  form  of  a  thick  black  amoke. 

Coal  and  Oil  Oma. — The  manufucture  of  coal-gas  ii  at  the  present  men 
a,  hmnch  of  industry  of  great  interest  and  importanoe  in  several  poinli 
view.  The  proceBS  is  one  of  great  simplicity  of  principle,  but  requires, 
practice,  some  dehcacy  in  mHOagement  to  yield  a  good  reanit. 

When  pit-coal  is  subjected  to  deetmctiTe  dietHlation,  a  vKiiety  of  prodi 
show  tlieniKeleoa ;  permanent  gases,  steam,  and  lolatilo  oils,  besides  a 
incDUsiderable  quantity  of  ammonia  from  the  nitrogen  always  present  in 
coal.  These  Biibatuncea  vary  Tery  much  in  their  proportions  with  the  tem 
rature  at  which  the  process  is  condacted,  the  permanent  gases  becoming  ml 
abundant  »^th  increased  hent,  but  at  the  same  time  losing  much  of  their '  ' 
for  the  pnrposea  of  illumination. 

The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright-red  ! 
and  the  volatilized  products  conducted  into  a  Ion;;  boriiontal  pipe  of 
dimensions,  always  half  filled  with  liquid,  into  which  the  eitromi^  of 
separate  tube  dips ;  this  is  called  the  hydraulic  main.   The  gaa  and  its  ac 
panying  Tspors  are  next  made  to  traverae  a  refrigerator,  nsnally  a  seriL-  . 
iron  pipes,  oooled  on  the  ontaide  by  a  stream  of  water;  here  the  condenaalig 
of  the  tar  and  the  ammoniacal  liquid  becomes  complete,  and  the  gas 
onwards  to  another  part  of  the  apparatua,  in  which  it  is  deprived  of  thi 
phiirettcd  hydrogen  and  carbonic  acid  gases  always  present  in  the  on  ' 
duct.     This  is  generally  effected  by  hydrate  of  lime,  which  readily 
the  compODuds  in  question.     The  purifiers  are  large  iron  vessels,  partly 
with  a  mixture  of  hydrate  of  lime  and  water,'  in  which  a  churning  mL-_ 
or  agitator  is  kept  in  constant  motion  to  prevent  the  aubsideiioe  of  the  III 
The  gas  is  admitted  at  the  bottom  of  the  veasel  by  a  great  nnmbei  of  min 
aperturca.  and  ia  thus  made  to  present  a  large  surface  of  contact  to  the  pi 
fying  liquid.     The  last  part  of  the  operation,  which  indeed  is  often  omitt 
oonsiats  in  passing  the  gaa  through  dilute  sulphuric  acid,  in  order  to  reuu 
ammonia.      The  quantity  thus  separated  is  very  small,  relatively,  to  the  hi 
of  the  gas,  but  in  an  extensive  work  becomes  an  object  of  importance. 

Coal-gaa  thus  manufactured  and  purified  ia  preaervod  for  uae  in  imnta 
cylindrical  receivers,  closed  at  the  top,  ausponded  in  tanks  of  water  by  isbt 
to  which  counterpoises  are  attached,  ao  that  the  gaa-holdcra  rise  and  lint 
the  liquid  aa  they  become  filled  from  the  pnriGers  or  emptied  by  the  mi 
These  hitter  are  mode  of  large  diameter,  to  diminish  as  iiiuoh  as  possible  1 
resistance  experienced  by  the  gaa  in  passing  through  snch  a  length  of  ^ 
The  joints  of  these  mains  are  still  made  in  such  an  imperfect  mauoet,  K 
immense  loss  is  experienced  by  leahngo  when  the  pressure  upon  (be  gas  at  I 
works  exceeds  that  eierted  by  a  column  of  water  an  inch  in  height.' 

'  C,HaOI,  or  C.H.CIr 

■  A  mlxturG  o(  fiutphatfl  cf  lime  aad  liydr^t^  AcHiniDiEdB  of  Imn  is  ]lhewi«a  0«(]1ihi 
Bid  ployed, 

■  ]tiii«j  eIio  soniB  Ufa  of  lb*  oitenl  of  Ihia  spml«  of  manufaclure,  to  mention,  tbit  In 
jnr  IBaX.  for  llghlinn  LonBon  snil  [be  Bnburbs  alone,  thtre  were  otirhleen  publla  gtt^ia 
and  £2,8110.000  Ln»e»t»j  In  ptpei  iBil  apperatHi.  Tha  jearty  rfvenmamounleilmEUBJWIil 
thr  aiiuniDpMoii  of  mal  la  the  eume  Jierlml  to  ISC.OUU  tons.  1,400  iHiUumi  of  oaUO  tM  « 

9  enlimaled  at  more  ttisn  tiOO.UM  tuIiF<.  yieldjue  D 
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al-gas  varies  very  much  in  composition,  judging  from  its  variable  density 
illuminating  powers,  and  from  the  analyses  which  have  been  made.  The 
ulties  of  such  investigations  are  very  great,  and  unless  particular  pre» 
on  be  taken,  the  results  are  merely  approximative.  The  purified  gas  is 
ved  to  contain  the  following  substances,  of  which  the.  first  is  most  abun^ 
,  and  the  second  most  valuable  :- 

Light  carbonetted  hydrogen. 
Olefiant  gas. 
Hydrogen. 
Carbonic  oxide. 
Nitrogen. 
.    Vapors  of  volatile  liquid  carbides  of  hydrogen.* 
Vapor  of  bisulphile  of  carbon. 

Separated  by  Condemdtion  and  by  the  Purifiers. 

Tar  and  volatile  oils. 

Sulphate  of  ammonia,  chloride  and  sulphide  of  ammonium. 

Sulphuretted  hydrogen. 

Carbonic  acid. 

Hydrocyanic  acid,  or  cyanide  of  ammonium. 

Hydrosulphocyanic  acid,  or  sulphocyanide  of  ammonium. 

very  far  better  illuminating  gas  may  be  prepared  from  oil,  by  dropping 
bo  a  red-hot  iron  retort  filled  with  coke :  the  liquid  is  in  great  part  decom- 
i  and  converted  into  permanent  gas,  which  require^  no  purification,  as  it 
lite  free  from  the  ammoniacal  and  sulphur  compounds  which  vitiate  gas 

coal.  A  few  years  ago  this  article  was  prepared  in^ London;  it  was  com- 
sed  for  the  use  of  the  consumer  into  strong  iron  vessels,  to  the  extent  of 
tmospheres ;  these  were  furnished  with  a  screw- valve  6f  peculiar  construc- 

and  exchanged  for  others  when  exhausted.  The  comparative  high  price 
he  material,  and  other  circumstances,  led  to  the  abandonment  of  the 
trtaking.     On  the  Continent  gas  is  now  extensively  prepared  from  wood. 

OOMBUSTION,    AND   THE    STBUCTUBE   OF  FLAME. 

hen  any  solid  substance,  capable  of  bearing  the  fire,  is  heated  to  a  certain 
t,  it  emits  light,  the  character  of  which  depends  upon  the  temperature. 
3,  a  bar  of  platinum  or  a  piece  of  porcelain,  raised  to  a  particular  tempo- 
re, becomes  what  is  called  red-hot,  or  emissive  of  red  light:  at  a  higher 
ee  of  heat  this  light  becomes  whiter  and  more  intense,  and  when  urged 
le  utmost,  as  in  the  case  of  a  piece  of  lime  placed  in  the  flame  of  the 
lydrogen  blowpipe,  the  light  becomes  exceedingly  powerful,  and  acquires 
it  of  violet.  Bodies  in  these  states  are  said  to  be  incandescent  or  ignited. 
gain,  if  the  same  experiment  be  made  on  a  piece  of  charcoal,  similar 
its  will  be  observed,  but  something  in  addition ;  for  whereas  the  platinum 
lorcelain,  when  removed  from  the  fire,  or  the  lime  from  the  blowpipe  flame, 
in  immediately  to  cool,  and  emit  less  and  less  light,  until  they  become 
ipletely  obscure,  the  charcoal  maintains  to  a  great  extent  its  high  tempera- 
3.  Unlike  the  other  bodies,  too,  which  suffer  no  change  whatever,  either 
veight  or  substance,  the  charcoal  gradually  wastes  away  until  it  disappears. 
•s  is  what  is  called  combustion^  in  contradistinction  to  mere  ignition  i  the 
trcoal  burns,  and  its  temperature  is  kept  up  by  the  heat  evolved  in  the  act 
union  with  the  oxygen  of  the  air. 

*  ThMe  bodies  inereaM  the  illuminating  power,  and  oon&r  on  the  gas  its  peculiar  odor. 
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In  tbe  most  general  seose,  a  body  id  a,  stnte  gf  combDCIion  is  one  in  ihi 
•f  ondergiimg  intense  cbemioul  ootion:  nay  cbemicnl  iiclion  whnUoeTGT,  1 
■nerg;  rise  Bufficientiy  bigh.  mitj  proiIuGe  Ihe  pLenomenon  of  Gombnatiot 
ktaling  rii  bodg  to  tuck  an  exitni  that  itbteomti  tuminovi. 

In  til  ordiaary  auaes  of  combuBlion.  the  action  Ilea  between  the 
tHxly  and  the  oijgeD  of  the  air;  Rnit  eincc  t)ie  materials  emplojed 
WaaoDiicnl  production  of  bent  and  ligbt  conitist  of  cnrboa  ohiefly,  or  t' 
•tanas  conjoinod  with  aoert&ia  proportion  of  bydrogen  and  oxygen,  all 
tffeols  of  tbis  nature  are  oaaea  of  tbe  nipid  and  violent  oxidation  ol 
*nd  hydrogen  by  Ibe  aid  of  tbe  free  oxygon  of  the  air.  Tbe  heat  mng|:' 
referred  to  Ihe  act  of  chemical  nnion,  and  the  light  to  tbe  elevated  temperatl 

By  tbis  principle  it  ia  es^y  to  understand  the  means  which  mnst  be  adoj 
to  incrense  the  heat  of  ordinary  fires  to  tbe  point  necessary  to  melt  refncl- 
metaU,  and  (o  bring  about  certain  desired  effects  of  chemical  deconipodti 
IF  the  rate  of  aonsumption  of  the  fuel  oan  be  increased  by  a  more  rapid  int^ 
dnction  of  air  into  Ihe  burning  mass,  the  intenBity  of  the  beat  will  of  ntt 
■ity  rise  in  tbe  same  ratio,  there  being  reason  to  belteio  tbnt  the  qoanli^, 
heat  evoired  is  fixed  and  definite  for  the  same  constant  qaantity  of  oben' 
action.  This  increased  supply  of  air  may  be  effected  by  two  distinet  netiig 
H  may  be  forced  into  the  fire  by  bellows  or  blowing  mschines.  as  in  the  aomt 
forge,  and  in  the  blast  and  cupola-furnaces  of  the  iron-worker,  or  it  ms| 
drawn  Ibrongb  Ibe  bamiog  materials  by  the  help  of  a  tall  chimney,  the  I 
place  being  cinsed  on  ail  sides,  and  no  entrance  of  air  allowed,  save  bsMri 
the  bars  of  the  grate.  Such  is  the  kind  of  furnace  generally  emplojed  ItJ 
•cientific  chemiat  in  aasajing  and  in  tbe  redaction  of  metallic  oxides  by  ob 
eoal;  tbe  principle  will  be  at  once  understood  by  Ihe  aid  of  the  seetJO 
drawing,  in  wbich  a  emcible  is  represented,  arranged  in  tbe  fire  for  an  epa 
lion  of  the  kind  mentioned.     (Fig.  11B.) 
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!  arobed  fornl  of  the  roof.  An;  degree  of  heat  ann  be  Dbtaioed  >n  ■ 
:e  of  this  kind,  from  the  tsmpernture  of  dull  redaess,  Id  thnt  requirad 
It  very  large  qnantiliea  of  enst-iron.  The  five  ia  urged  by  a  chimney, 
led  nilh  a  elidiag-plale  or  damper  to  regulate  the  draught. 
da  and  liquids,  as  melted  metal,  enjoy,  when  Buffiaieutly  heated,  tbe 
J  of  emitting  light;  the  same  power  is  posBessad  by  goaeouB  bodies,  bat 
:i>iperature  required  to  render  a  gas  luminous  ia  incomparably  higher 
in  the  cases  already  described.  Gas  or  vapor  ia  this  condition  connti' 
flamt,  the  actual  temperature  of  whioh  generally  eicBeda  that  of  tbe 
heat  of  solid  bodies. 

I  light  emitted  from  pure  Siime  is  exceedingly  feeble;  illumiaating  power 
ost  entirely  dependent  upon  the  presence  of  solid  matter.  The  Sams 
Jrogen,  or  of  the  mixed  gases,  ia  scarcely  visible  in. full  dajlight: 

atmosphere,  however,  it  beoomea  much  more 
Dua  by  ignitiDg  to  intense  whiteness  the  Hoatiug  ?Ie-  I% 

les  with  which  it  comes  in  contact.  The  piece  of 
n  tbe  blowpipe  flame  cannot  have  a  higher  tern- 
ire  than  that  of  the  flame  itself;  yet  the  light  it 
;  0?  is  iofinitcly  greater. 

nes  burning  in  the  air,  and  not  supplied  with  oiy- 
om  auother  source,  arc,  as  already  stated,  hollow ; 
emical  aoUon  is  necessarily  confined  to  the  spot 

the  two  bodies  unite.  That  of  a  lamp  or  candle, 
earefnll;  eiamincd,  is  seen  to  consist  of  tbree 
ite  portions.     The  dark  central  part,  a,  easily  ren- 

evident  by  depressing  upon  the  Same  a  piece  of 
ire-gauze,  consists  of  combustible  matter  drawn 

the  capillarity  of  the  wiolt,  and  volaiihied  by  the 

This  is  surrounded  by  a  highly -luminous  cone  or 
<pe,  s,  which,  in  contact  with  a  cold  body,  deposits 

On  the  outside  a  second  cone,  o,  is  to  be  traced, 

in  its  ligbl-giving  power,  but  having  an  eioeed- 
high  temperature.  Tbe  explanation  of  these  ap- 
ices is  easy ;  carboti  and  hydrogen  are  very  un- 
jn  their  attraction  for  oxygen,  the  latter  greatly 
ling  the  former  in  this  respect;  consequently, 
both  are  present,  and  the  supply  of  oxygen  limit- 
B  hydrogen  takes  all,  to  the  exclusion  of  a  great 
if  tbe   carbon.     Now  this  happens  in  the  case 

oob^ideraticn  at  some  Utile  distance  iirithin  the 

Burface  of  the  flame,  namely,  in  tJie  luminous 
n;  the  little  oxygen  whioh  has  penetrated  thus 
wards  is  entirely  consumed  by  the  hydrogen,  and 
irticles  of  deposited  charcoal,  which  would,  were 
ooler,  form  smoke,  become  intensely  ignited  by 
irning  bydrogeu,  and  evolve  a  light  whoso  white- 
narks  a  very  elevated  temperature.  In  the  eite- 
nd  scarcely  visible  cone,  these  particles  of  carbon 
^  (combustion. 

it  of  coal-gas  exhibits  these  phenomena;  but  if 
US  be  previously  mingled  with  air,  or  if  air  he 
ly  mixed  with  or  driven  into  the  flame,  no  anoh. 
itioQ  of  carbon  occurs,  the  hydrogen  and  carbon 
ogtthtr,  and  the  illuminating  power  almost  disap- 
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1  jet,  hating  ■  Hmall  aperture  by  vhich  a  cnrrcnt  of 
driven  ncrasg  the  flume  of  a  candle.      TliG  beat  form  is  perhaps  that  OOn 
by  Mr.  Pep;a,  and  figured  in  the  margin  (fig.  1-Jl).   Tbe  flame  so  pro<Iuo«i; 
very  peooliar. 

Instead  of  the  donble  eriTelope  ju^t  doscribed,  two  long  polotod  conea  i 
obserred.  which,  wben  the  blowpipe  is  gooil,  and  the  Rpertare  Bmaotfa  i 
round,  are  ver;  well  defined,  (be  outer  conu  being  jettuwieh,  and  tbe  iol 
blue.  A  double  combuatiaa  is,  in  fact,  going  on,  b;  the  blast  in  the  Ind 
and  by  the  external  air.  The  space  betiteenl 
Ke-m.  inner  aud  outer  boiibb  ia  filled  wit! 

hot  aombuHtible  matter,  po^sef^iDg  etron^ 
ingordeoiidiiing  powers,  while  the  bigbly-hail 
air  just  beyond  the  point  of  the  exterior  cimB-i 
idizea  with  great  facility.  A  Bmall  portion 
matter,  eupported  on  a  piece  of  oharoaal, 
fixed  in  a  ring  at  the  cud  of  a  fine  plstini 
wire,  can  thus  in  an  inEtanl  be  exposed  to  avi 
high  degree  of  heat  ander  these  oaiitrasl«d  e 
cumstancea,  and  obaervatioua  of  groat  id 
made  in  a  very  short  time.  The  use  of  tba  \ 
■faument  requlrea  an  eieq  and  uninterrupted  bhut  of  boidb  durstioa.  b] 
method  eaaily  acquired  with  a  little  paCienoe;  it  oonsists  in  employing  fori 
purpose  the  muscles  of  the  cheeks  alone,  respiration  being  eonduoted  throq 
the  noatrils,  and  the  mouth  from  time  to  time  replenished  with  air  witho 
intermission  of  the  blast. 

The  Argaod  lamp,  adapted  to  buro  either  oil  or  spirit,  bat  especially  t 
latter,  ia  a  very  useful  pieoe  of  chemical  apparatus.  In  this  lamp  the  wuik 
oylindrioa),  the  flame  being  supplied  with  air  both  inside  and  outude;.  t 
eombustiDD  is  greatly  aided  by  the  chimitey,  wliich  is  made  of  oopp«r  vb 
the  lamp  is  used  as  a  source  of  hoaL 


ng.  m. 
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The  nccompanyiug  drawing  eihibita,  in  section,  an  excellent  lamp  of  t 
Xind  for  burning  alcohol  or  wood-spirit.  It  is  constmctod  of  tiiin  copper,  I 
furnished  with  groQtid  caps  to  the  wick-holder  and  nperture'  by  whioh 
■pitit  is  introduced  iu  order  to  prercnt  loss  when  the  lamp  is  not  ia  ■ 

•Wh™  in  Bietfais  uperliir*  mint  nlwajB  be  .-.pBn.  othBrwiMan  unident  l»<i 
Hi*  beat  axpuids  Cha  air  in  Che  tarap,  and  ttao  iplrit  li  lOnsd  out  la  a  it 
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la  Loudoa,  aod  other  Inrge  i 
•Iknlly  used  wilh  Ibe  greatost  economy  and  adTnntnge  in 
■oarce  of  hea,L  Retorts,  flasks,  ciipsules,  and  other  les- 
mIi  can  bo  thiia  eiposed  to  fto  cnsily-regulated  and  inva- 
Twble  temperature '  for  manj  sucoessive  hours.  Small 
platinum  crucibles  may  be  igoiteii  to  redness  by  placing 
them  OTCT  the  fliune  on  a,  little  wire  triangle.  The  ar- 
Twigemeut  ahown,  ooasisting  of  a  common  Argand  gas- 
bonier  filed  on  B  henTj  and  low  foot,  and  connected  with 
a  flexible  tube  of  oaoutcbouc  or  other  material,  learea 
nothing  to  desire. 

The  kindliag-point,  or  temperature  at  which  combus- 
doD  oommeaces,  is  very  different  with  different  sub- 
■tanacB;  phosphoros  will  sometimes  take  fire  in  the 
hand;  sulphur  requires  a  temperature  exceeding  that  of 
txriUng  water,  charcoal  must  be  henled  to  rednesB. 
Among  gaseous  bodies  fhe  same  fact  is  observed  ;  hydro- 
fen  is  inflamed  by  a  red-hot  wire ;  cn,rbonetted  hydrogen 
requires  a  white  heat  to  effect  the  same  thing.  When  flame  is  cooled  by  any 
means  below  the  temperature  at  which  the  rnpid  oxidation  of  the  combustibls 
gas  ooDUTB,  it  19  at  once  eitinguished.  Upon  this  depends  the  principle  of  Sir 
U.  Davy's  invaluable  safety-lamp. 

Mention  bos  alreftdy  been  made  of  the  frequent  disengagement  of  great 
quantities  of  light  carbonetted  hydrogen  gas  in  coal-mines.  Thia  gaa,  mixed 
wiUi  seven  or  eight  times  ila  volume  of  atmoepberic  air,  becomes  highly  ex- 
plosive, taking  fire  at  a  light,  and  burning  with  a  pale-blue  flame  ;  and  many 
harful  accidents  hare  occurred  from  the  ignition  of  large  quantities  of  mixed 
£•8  and  air  occupying  tbe  extensive  galleries  and  workings  of  a  mine,  Bir 
U.  Davy  undertook  an  investigation  with  a  view  to  discover  some  remedy  for 
this  conatanlly-occurring  calamity:  his  labors  resulted  in  some  exceedingly- 
Important  discoveries  respecting  flame,  of  which  the  substance  bus  been  given, 
and  which  led  to  the  construction  of  the  lamp  which  bears  hia  name. 

When  two  vessels  filled  with  a  gaseous  explosive  mixture  are  connected  by 
a  narrow  tube,  and  the  contents  of  one  Bred  by  the  electric  spark,  or  other- 
wise, the  flame  is  not  communicated  to  the  other,  provided  the  diameter  of  the 
tubfv  its  length  and  the  conducting  power  for  heat  of  its  mnleriBl,  bear  a  cer- 
tain proportion  to  each  other;  the  flame  is  ezticguished  by  cooling,  and  ill 

In  thia  experiment  high  conducting  power  and  diminished  diameter  compen- 
sate for  diminution  in  length  ;  and  to  such  an  extent  can  this  be  carried,  that 
metallic  gnnze,  whiob  may  be  looked  upon  as  a  series  of  very  short  square 
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tabes  Brrnaged  side  by  (ride,  airestB  in  the  moat  complete  ir 
of  Danie  in  eipluute  niixtureB.  wheu  of  euflicient  degree  of  fineneaa,  depend) 
npon  the  influmm ability  of  the  gas.      ftluBt  providentiully  the  fire-dftmp 
ture  has  ad  eioeedingl;  tiigli  kindling-point ;  a  red  h«at  does  Dot  cauee  iol 
nation ;  eonaequeatljf,  the  gBuis  irill  ha  safe  for  (his  Eubatimce,  when  fit 
would  pass  in  almost  wDj  oilier  CKse. 

T\t  IZT  '^^^  miner's  tmfutj-lamp  is  merely  an  ordinary  oil'lsiDp, 

flnme  of  wliich  is  enolosed  in  a  cage  of  wire-gauia;  m 
double  at  the  upper  part,  containing  about  400  aperturM^ 
the  square  inch.  The  tube  for  supplying  oil  to  the  reec 
reaches  nearly  to  the  bottom  of  the  latter,  while  the 
admits  of  being  (rimmed  by  a  bent  wire  passing  wit' 
through  a  smaU  lube  in  (he  body  of  the  lump;  the 
tlius  be  kept  burning  for  any  length  of  time,  wilhont  the 
cessity  of  uDtcrewiog  the  cage.  When  tbia  lamp  is  takM ' 
an  eiplosiTB  atmosphere,  although  the  fire-darop  ixiay  1 
within  the  cage  with  auch  cner^  as  sometimes  la  heit 
melaltie  tissue  to  dull  redness,  the  fiame  it 
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These  efl'ecta  may  he  conTeoiently  Btndied  by  eaap 
the  lump  in  a  large  glass  jnr,  and  gradually  admitting  c4 
gas  below.     The  oil-flamc  ib  at  first  elongnti^d,  and  Oetl, 
the  proportion  of  gas  increases,  eilinguished,  while  Qi 
rior  of  the  gaoze  cylinder  becomes  filled  with  the  b 
miitnre  of  gss  and  air.     As  the  atmosphere  becoBiat  , 
the  wick  is  once  more  relighted.     These  appenranoet  HI 
remnrhable,  that  tbe  lamp  beeomes  an  admirable  indieabi^^ 
the  state  of  the  air  in  different  parte  of  the  mine.' 

The  sanie  great  principle  baa  been  ingeniously  appBe 
tir,  Hemming  to  the  conatructlon  of  the  oxyhjdrogen  M 
jet  before  mentioned.  Thia  ia  a  tube  of  braSi  about 
inchea  long,  filled  with  slraiglit  pieces  of  fine  bran  wire 
whole  being  tightly  wedged  together  by  a  pointed  red,  fiu 
^  ■■  '  '  the  centre  of  the  handle.  The  arrsngnnnll 
elnllic  tubes,  very  long  in  preporlui 
their  diameter,  the  cooling  powers  of  which  are  n  gnV 
to  preTcnt  the  poasibitity  of  the  passage  of  flnme,  f 
oxygen  and  hydrogen.  The  jet  may  be  used  ' "  """'" 
tioaed.  with  a  common  bladder,  withont  a  i 
ajan.  The  fnndanientiil  fact  of  flame  being  eitingn 
contact  witli  a  cold  body,  may  be  elegantly  shown  by  H| 
s  copper  wire  into  a  abort  spiral,  sbont  O'l  inch  in  diiJ 
and  then  pnaaing  it  eold  aier  Ifae  flame  of  a  wai  cAndhi;. 
latter  is  eitinguifhed.  If  the  spiml  be  now  heated  i« 
neas  by  a  .Bpiril  lamp,  end  the  experiment  repeated,  no 
effect  follows.' 


n^tlnlkiD.  ^Uiongli  l^V '^*>  'OrrU  my  tc  do*  la  aplxu. 
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VITROOSX  AND   HTDROGEN;    AMMONIA. 

When  powdered  sftl-ammoniac  is  mixed  with  moist  hydrate  of  lime,  and 
ntly  heated  in  a  glass  flask,  a  large  quantity  of  gaseou?  matter  is  disengaged, 
Aikh  moat  be  collected  over  mercary,  or  by  displacement;  advantage  being 
•ken  of  its  low  specific  gravity. 

Aamoniacal  gas  thus  obtained  is  colorless ;  it  has  a  very  powerfully-pun- 
pnt  odor,  and  a  strongly-alkaline  reaction  to  test  paper,  by  which  it  mar  be 
rt  once  distinguished  from  nearly  all  other  bodies  pos•^es!fing  the  hame  phy- 
ried  characters.  Under  a  presi<ure  of  6*5  atmospheres  at  6f/°  {Vr^'Al),  au- 
■onia  condenses  to  the  liquid  form.^  Water  disjiolves  about  I^A)  times  it9 
nbrnie  of  this  remarkable  gas,  forming  a  solution  which  in  a  more  dilute  htaie 
ku  long  been  known  under  the  name  of  liquor  ammcmug ;  by  heat,  a  great 

eis  again  expelled.  The  itolution  is  decomposied  by  chlorine,  i>al*ammoniac 
\  formed,  and  nitrogen  set  free. 

Ammonia  has  a  density  of  0*589;  100  cubic  inches  weigh  18-20  grain*.  It 
Mmot  be  formed  by  the  direct  union  of  its  element!?,  although  it  i*:  ii>om«ftim^9 
produced  under  rather  remarkable  circumstances  by  the  deoxidntion  of  nitric 
■dd.  The  great  sources  of  ammonia  are  the  feebly-cooi pounded  Hiotized  prin- 
C^des  of  the  animal  and  vegetable  kingdom:*,  which,  when  left  to  putrefiu;tive 
Aiage,  or  subjected  to  destructive  distillation,  almost  invariably  give  ri»e  to 
n  abundant  production  of  this  substance. 

The  analysis  of  ammoniacal  gas  is  easily  effected.  When  a  portion  is  con- 
Ined  in  a  graduated  tube  over  mercury,  and  electric  sparks  pa!>he>i  through  it 
te  a  considerable  time,  the  volume  of  the  gas  grudually  increas'^-  uutii  it  be- 
•MMB  doubled.  On  examination,  the  tube  w  found  to  coutuiu  a  tuixture  of 
liuasares  hydrogen  gas  and  1  measure  nitrogen.  Every  two  volume';  of  tij« 
iBBonia,  therefore,  contained  three  volumes  of  hydrogen  and  one  of  nitrogeu, 
the  whole  being  condensed  to  the  extent  of  one-half.  The  weight  of  the  two 
eoutitnents  will  be  in  the  proportion  of  3  parts  hydrogen  to  14  parts  nitrogen. 

Ammonia  may  also  be  decomposed  into  it:<  elements  by  transmlH-rion  through 
and-hot  tube. 

Solution  of  ammonia  is  a  very  valuable  reagent,  and  is  eniplov'rd  \u  a  great 
■mber  of  chemical  operations,  for  some  of  which  it  is  necefs^fHiy  to  have  it 
perfectly  pure.     The  best  mode  of  preparation  is  the  following : — 

Equal  weights  of  sal-ammoniac  and  quicklime  are  taken:  the  lime  I'i  slaked 
hfteovered  basin,  and  the  salt  reduced  to  powder.  These  are  mixed  and  in- 
Mnced  into  the  flask  employed  in  pi-eparing  solution  of  hydrochloric  acid,' 
topther  with  just  enough  water  to  damp  the  mixture,  and  caute  it  to  aggre- 
|Ms  into  lumps :  the  rest  of  the  apparatus  is  arranged  exactly  aH  in  the  former 
Mm,  with  an  ounce  or  two  of  water  in  the  wabh -bottle,  or  enough  to  co%'er  the 
■di  of  the  tubes,  and  the  gas  conducted  afterwards  into  pure  diiitille'J  water, 
tttilaany  cooled  as  before.  The  cork-joints  are  made  tight  with  wax,  a  little 
■•itniy  is  put  into  the  safety-funnel,  heat  cautiously  applied  U)  the  flaj^k,  and 
tW  whole  left  to  itself.     The  disengagement  of  ammonia  is  "vwy  regular  and 

''vntage  of  tbe  aboTe-mentioned  fiu*t.  On  paxidng  h  currvDt  of  i;as  through  a  w\Ah  T^iikd 
*^  open  at  the  bottom  to  afford  a  free  niixtiini  with  atini>rp>i«ric  air.  but  ciot^xl  at  tk« 
*pby  wirv  gauxe.  and  then  kindling  the  mixture  aflT  itx  «'icape  tbrjujfb  tbe  u«f<li«0,  it  wiil 
^1^  vith  feeble  illuminating  power,  but  no  lop"  of  beat.  AVben  the  proporti^/n  of  the  yof  to 
Bealaocpberic  air  iif  unch  as  not  to  allow  the  flame  tr>  lxH:</me  yellpw,  the  crjr/il/uetion  wil]  b« 
"aN«te.  and  uo  carbonaceous  deposit  will  be  forme'!  on  <.-oId  bwli*^  held  orer  the  flara««. 
**  Icaicth  and  diameter  of  the  cylinder  are  d(termine«l  by  the  amouut  of  gan  Ut  >tn  burut, 
"■^  the  lenieth  may  be  much  decreaned  by  iuteriK^hin^r  a  N^^od  diaphrairm  of  wire  i^auM 
""■t  akl.lenicth  of  the  cylinder,  tbe  current  of  fras  tjeinj;  iutr<>Juce<J  bflow  tbif,  by  '^hi<;U 
**>■•  a  moni  tborouxh  and  rapid  mixture  is  made  with  Uje  atmovpherie  air.  —  Kir  John 
■Jhaofc  K.  U.  Ac,  Ed.  New  Phil.  Journal,  IWO^K.  H  . 

' [Al  tlia lempentura of —103°  {—IfPO^ "-  'S«Ml  into  a  eo!-  -<ai 

«■  tha  liquid  ftMlf.  —  (fai^-  * 
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uniform.    Chloride  of  calciiiin,  with  excess  of  hjdrftte  of  lime,  remains  in  ike 
flMk 

The  decompoHitioD  of  the  unit  is  usually  represented  in  Ihe  manner  ihowi 
bj  the  following  diHgrnm : — 


) 


Ammonia 


-Ammonift. 


Sal-ammoniac  J  ffydrofihloric  /  Uytlm^tm 
I       acid     .      (Chlorine 


Lime 


iOxyireii 
Calcium 


___  Water. 


Chionde  of 
^  caleium.i 


Solution  of  ammonia  itliould  lie  perfectly  colorlesa,  leaye  no  residue  on  eisi" 
poration,  and  when  Bupeisfiturated  )iy  nitric  acid,  give  no  cloud  or  mnddisMi 
with  nitrate  of  silTcr.  Itfi  dennity  dimininhen  with  Up  strength,  that  of  tbt 
most  concentrated  being  about  ()-H7ri:  the  value  in  alkali  of  any  sample  «f 
liquor  ammonin  iH  most  cafely  inferred,  not  from  a  knowledge  of  its  deniiiyf 
but  from  the  quantity  of  acid  a  given  amount  will  saturate.  The  mode  flf 
conducting  this  experiment  will  he  found  described  under  Alkalmttry. 

When  solution  of  nromonin  in  mixed  with  acids  of  various  kinds,  salts  srt 
generated,  which  resemble  in  the  most  complete  msnner  the  correspondiM 
compounds  of  potassa  and  soda :  the*«e  are  bef<t  discussed  in  connexion  with 
the  latter.  Any  ammoniacnl  salt  ran  at  once  be  recognized  by  the  evolotiM 
of  ammonia  when  it  is  hentcd  with  hydrate  of  lime,  or  solution  of  carbonstt 
of  potassa  or  soda. 

mTROOKN    AND   BOBOH. 


A  combination  of  nitrogen  with  boron  was  first  obtained  by  Balnsiii 
Woehler  prepared  it  by  mixing  one  part  of  pure  dry  borax  with  two  parti  sf 
dry  sal-nnimoniac,  heating  to  redness,  boiling  with  water  and  hydrochloril 
acid,  filtctring  and  washing  with  hot  wnter,  when  the  compound  remained  il 
the  form  of  a  white  powder.  As  yet  it  hns  not  been  obtained  quite  free  froM 
oxygen. 

SULPIfVR,    SKLFNIUM,    AND    PlIOSPIIOBrS    WITH    HTDROOKV. 

Sulphuretted  Hydrogen ;  IlydrnnuJphurir.  and  Sutphydrie  Acid. — There  an  tvf 
methods  by  which  this  importsnt  compound  can  be  readily  prepared,  nsBCJl't 
by  the  action  of  dilute  sulphuric  ticid  upon  sulphide  of  iron,  and  by  tW 
decomposition  of  tersulphide  of  antimony  by  hydrochloric  acid.  The  M 
method  yields  it  most  easily,  and  the  second  in  the  purest  state. 

ProtoHulphide  of  iron  is  put  into  the  Hppnratus  for  hyilrogen,  already  N*** 
ral  times  mentioned,  together  with  somo  wnter,  and  oil  of  ritriol  is  added  bf 
the  funnel,  until  a  copious  dinengngement  of  gas  takes  place.  This  isto  W 
collected  over  tepid  water.     The  reaction  is  thus  explained: — 


Sulphide  of  iron  )  ?"U>h"»- 

I  Iron 

Water  .     .     . 


Sulphuric  acid 


Ifydrojcftfi 


•Sulphuretted  hydrogen. 


Kulphnto  of  protoxide  of  Iroi 


NH4f:i 


Sftl  Ammoniac 


r««8 

BaJpbkto 
s/lrao. 


f'o.)         - 


IjimA. 
HO,KOfl 

Sulphuric 
scM. 
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.  lythe  otker  pltn,  finely*  powdered  tersulphide  of  antimony  in  put  into  a 
luk,  to  whieh  a  cork  and  bent  tube  can  be  adapterl,  and  stronjE  liquid  hydro- 
Ainu  acid  ponred  upon  it.  On  the  application  of  heat,  a  double  interchange 
Neon  between  the  bodies  present,  sulphuretted  hydrogen  being  formed  and 
Miloride  of  antimony.     The  action  only  lasts  while  the  heat  is  maintained 


Sulphuretted  hydrogen. 
Chloride  of  antimony.' 


Ai^nretted  hydrogen  is  a  colorless  gas,  having  the  odor  of  putrid  egga ; 
Jtiiaost  offenBiTe  when  in  small  quantity,  when  a  mere  tnice  is  present  in 
At  air.  It  is  not  irritating,  but,  on  the  contrary,  powerfully  narcotio. 
Vbeo  set  on  fire,  it  bums  with  a  blue  flame,  producing  writer  and  sulphurous 
uid  when  the  supply  of  air  is  abundant;  and  depositing  sulphur  when  the 
nygen  is  deficients  Mixed  with  chlorine,  it  is  instantly  decoinpose*],  with 
■paratiGD  of  the  whole  of  the  sulphur. 

This  gas  has  a  specific  gravity  of  1-171;  100  cubic  inches  weigh  86*33 
pains. 

A  pressure  of  17  atmospheres  at  50^  (lO^C)  reduces  it  to  the  liquid  form. 
9bU  water  dissolTes  its  own  volume  of  sulphuretted 
hydrogen,  and  the  solution  is  often  directed  to  be  kept 
Ha  test;  it  is  so  prone  to  decomposition,  however,  by 
be  oxygen  of  the  air,  that  it  speedily  cpoiN.  A  much 
brtter  plan  is  to  keep  a  little  apparatus  fur  generntlng 
fte  gas  always  at  hand,  and  ready  for  use  at  a  moment's 
Mtice.  A  small  bottle  or  flask,  to  which  a  bit  of  bent 
tibe  is  fitted  by  a  cork,  is  supplied  with  a  little  huI- 
vUde  of  iron  and  water:  when  require^i  for  u>^e,  a  few 
■raps  of  oil  of  vitriol  are  added,  and  the  ;ra8  i»  at  once 
•vdved.  The  experiment  completed,  tlie  liquid  is 
poared  from  the  bottle,  replace<l  by  a  little  clean  water, 
lid  the  apparatus  is  again  ready  for  uise. 

When  potassium  is  heated  in  sulphuretted  bydro^ren, 
Ae  Betels  bums  with  great  energy.  becomiu;r  converted 
IMo  sulphide,  while  pure  hydrogen  remkint?.  equal  in  volume  Vj  the  original 
pi.  Taking  this  fact  into  account,  aud  compariug  the  density  of  the  gas 
nth  those  of  hydrogen  and  sulpbur-vapor,  it  appears  that  ^vnry  volume  *jf 
id^oretted  hydrogen  contains  one  vulume  of  hydrogen  and  ^  of  a  volume 

if  Balpfanr^vapor,  the  whole  condeui>ed  into  one  volume.     This  correif ponds 

lij  nearly  with   its   compopition   by  wei^;-ht.  determined  by  other  means, 

taely,  16  parts  sulphur  and  1  pait  hydrogen. 
When  a  mixture  is  made  of  100  measures  of  sulphuretted  liydrugen  and 

ISO  neasures  of  pure  oxygen,  and  exploded  by  the  electric  fetpurk,  complete 

mibastioB  ensues,  and  100  measures  of  sulpburoui;!^  acid  gaf  r»^8ult. 
Bvlphuretted  hydrogen  is  a  frequent  product  of  the  putrefaction  of  organic 

^tier.  both  animal  and  vegetable:  it  occurs  also  in  oertaiu  mineral  epringt^. 

tt  It  Harrowgate,  and  elsewhere.     When  accidentally  present  in  the  atmos- 

|*Ure  of  an  apartment,  it  may  be   instantaneously  destroyed   by  a  small 

V*t»titT  of  chlorine  gas. 
Ihere  are  few  reagents  of  greater  value  to  the  practioal  cliemist  than  this 
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sabstance :  when  broaght  in  contact  with  many  metallic  solutions,  it  pn§ 
ri&e  to  precipitates,  which  are  often  exceedingly  characteristic  in  appearanoe^ 
and  it  frequently  affords  the  means  also  of  separating  metals  Irom  each  othoi 
with  the  greatest  precision  and  certainty.  The  precipitates  spoken  of  $n 
insoluble  sulphides,  formed  by  the  mutual  decomposition  of  the  Diatallio  oxidai 
or  chlorides  and  sulphuretted  hydrogen,  water  or  hydrochlorio  add  being 
produced  at  the  same  time.  All  the  metals  are,  in  fact,  precipitated,  whoM 
■ulphides  are  insoluble  in  water  and  in  dilute  acids. 

Sulphuretted  hydrogen  possesses  itself  the  properties  of  an  acid;  its  ads- 
tion  ,in  water  reddens  litmus  paper. 

The  best  test  for  the  presence  of  this  compound  is  paper  wetted  with  sofai- 
tion  of  acetate  of  lead.  This  salt  is  blackened  by  the  smallest  trace  of  the 
gas. 

Pertulphide  of  Hydrogen.  —  This  substance  corresponds  i&  constitution  and 
instability  to  the  binoxide  of  hydrogen;  it  is  prepared  by  the  following 
means :  — 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled  with'  6  or  6 
parts  of  water  for  half  an  hour,  when  a  deep  orange-coloi«d  aolution  is  pro- 
daced,  containing,  among  other  things,  persulphide  of  caicium  This  is  fil- 
tered, and  slowly  added  to  an  excess  of  dilute  sulphuric  acid,  with  constut 
agitation.  A  white  precipitate  of  separated  sulphur  and  sulphate  of  Hda 
makes  its  appearance,  together  with  a  quantity  of  yellow,  oily-looking  mattflTi 
which  collects  at  the  bottom  of  the  yessel :  this  is  persulphide  of  hydrogen.' 

If  the  experiment  be  conducted  by  pouring  the  acid  into  the  solution  of 
Bolphide,  then  nothing  but  finely-diyided  precipitated  sulphur  is  obtfiined. 

The  persulphide  is  a  yellow,  viscid,  insoluble  liquid,  exhaling  the  odor  of 
lulphuretted  hydrogen:  its  specific  gravity  is  1*769.  It  is  slowly  decomposed 
even  in  the  cold  into  sulphur  and  sulphuretted  hydrogen,  and  instantly  by  s 
higher  temperature,  or  by  contact  with  many  metallic  oxides.  This  compow 
probably  contains  twice  as  much  sulphur  in  relation  to  the  other  element  ti 
Bolphuretted  hydrogen. ^- 

*  The  reaction  which  enflues  when  hydrate  of  lime,  milphnr,  and  water  are  hoOed  togsttar 
iS  rather  complex,  bisulphide  or  pentaaulphide  of  calcium  being  formed,  togeUier  with  kypo 
sulphite  of  lime,  arising  from  the  transfer  of  the  oxygen  of  the  decomposed  lime  to  anouM* 
portion  of  sulphor. 


0  ^  ««.*  i  2  eq.  calcium 
2  eq.  lime  ^^^  ^^^^^ 

1  eq.  lime 
4  eq.  sulphur 

2  eq.  sulphur 

8CaO  + 

Lime. 


.  2  eq.  bisulphide  of  caldum. 


1  eq.  hyposulphite  of  lime. 
2CaS9  +  CaO,SsOi 


Bisulphide  of 
calcium. 


Hyposulphite 
of  lime. 


*  The  bisulphide  of  calcium,  decomposed  by  nn  acid  under  f*^  yc*h^  drcamataneM^  jiilk* 
Mlt  of  lime  and  bisulphide  (persulphide)  of  hydrogen. 


1  eq.  bisulph.  f  2  eq.  sulphur 
(»ddum      1 1  eq*  calcium 

1  ea  water      i  ^  ^'  ^y^^«^^ 
1  eq.  wawr  •    1 1  eq.  oxygen 

Sulphuric  acid  _i_^.....^... 

CaSa  +  110,SOs 


1  eq.  bi;Bu:pb<de  of  hydTQfiB« 


1  eq.  sulphate  of  )<v«. 
HSs  +  CtX)jaO% 


Bisulphide  of  Sulphuric  Bisulphide  of  Sulphate  of 

calcium.  acid.  hydrogen.  lime. 

When  the  acid  ia  poured  into  the  sulphide,  sulphuretted  hydrogen,  water,  and  «>I»li«**^ 
lime  are  produced,  while  the  excesA  of  sulphur  is  thrown  down  as  a  fine  white  powttWr^ 
**  precipitated  sulphur"  of  the  Pharmacopoeia.  When  the  olgect  is  to  prepare  the  Utttf"' 
■tance,  hydrochloric  add  must  be  used  in  the  place  of  sulphuric. 


8]»LENIUM,    ETO. 
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fen  and  Selenium;  Selenetted  Hydrogen.  —  This  aabstance  is  produced 
tion  of  dilate  sulphuric  acid  upon  selenide  of  potassium  or  iron ;  it 
:h  resembles  sulphuretted  hydrogen,  being  a  colorless  gas,  freely 
I  water,  and  decomposing  metallic  solutions  like  that  substance :  in* 
elenides  are  thus  produced.  This  gas  is  said  to  act  very  powei  fully 
lining  membrane  of  the  nose,  exciting  catarrhal  symptoms,  and  de- 
the  sense  of  smell.     It  contains  89*5  parts  selenium,  and  1  part 

• 

ortia  and  Hydrogen ;  Phoephoretted  Hydrogen.  —  This  body  bears  a 
ilogy  in  some  of  its  chemical  relations  to  ammonical  gas ;  its  alkaline 
8  are,  however,  much  weaker. 

loretted  hydrpgen  may  be  obtained  In  a  state  of  purity  by  heating  in 
etort  hydrated  phosphorous  acid,  which  is  by  such  treatment  decom- 
o  phosphoretted  hydrogen  and  hydrated  phosphoric  acid.' 
>btained,  the  gas  has  a  density  of  1*24.  It  contains  81  parts  phos- 
nd  8  parts  hydrogen,  and  is  so  constituted  that  every  two  Tolumefl 
:  volumes  of  hydrogen  and  half  a  volume  of  phosphorus  vapor,  con- 
Qto  two  volumes.  It  possesses  a  highly  disagreeable  odor  of  garlic, 
Y  soluble  in  water,  and  burns  with  a  brilliant  white  flame,  forming 
d  phosphoric  acid. 

loretted  hydrogen  may  also  be  produced  by  boiling  together  in  a  re- 
)mall  dimensions  caustic  potassa  or  hydrate  of  lime,  water,  and 
118 ;  the  vessel  should  be  filled  to  the  neck,  and  the  extremity  of  the 
kde  to  dip  into  the  water  of  the  pneumatic  trough.  In  the  reaction 
sues  the  water  is  decomposed,  and  both  its  elements  combine  with 
phorus.  The  alkali  acts  by  its  presence  determining  the  decomposition 
Ater  in  the  same  manner  as  sulphuric  acid  determines  the  decompo- 
water  when  in  contact  with  zinc. 


sr 


/  Hydrogen 
'    I  Oxygen 
sphorus 
iphorus  

9     


Phosphoretted  hydrogen. 


Hypophosphite  of  lime.' 


losphoretted  hydrogen  prepared  by  the  latter  process  has  the  singular 
of  spontaneous  inflammability  when  admitted  into  the  air  or  into 
;a8 :  with  the  latter,  the  experiment  is  very  beautiful,  but  requires 
the  bubbles  should  be  singly  admitted.  When  kept  over  water  for 
e,  the  gas  loses  this  property,  without  otherwise  suffering  any  ap« 
change ;  but  if  dried  by  chloride  of  calcium,  it  may  be  kept  on- 


MMiUon  of  hydrated  phosphorous  aeid  by  heat:— • 

4  eq.  phosphoretted  hydrogen,  PHs 


/  4  eq.  -<  3  eq. 
kted  \  real  acid.  (l2  eq. 
tns  *\  r  3  eq. 

i     12  eq.    1    9eq. 

V  water.  ]  3  eq. 
I  9eq. 


r  1  eq.  phosph. 
•<   3  eq.  phosph. 


(,12  eq.  oxygen 
3  eq.  hydrog. 
hydrog. 
oxygen 
oxygen 


4(3HO,POt) 


PHa 


ydrated  phospho- 
rous acid. 


boras. 


Phosphoretted 
hydrogen. 

8H0         = 


Water. 


f  8  eq.  phos- 


phoric ac 
9  eq.  water 


:} 


Hydrated  pbos* 
phoric  add. 


3(3HO,POft) 


Hydrated  phospho- 
ric acid. 


PHs 


5* 


Phosphoretted 
hydrogen. 


8(CaO,PO) 


Hypophoq>Utt 
of  UflM. 
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mitered  for  a  muoh  longer  period.  M.  Paul  ThSaard  has  showD  th»t 
■poDtaaenue  aoinhuatibility  of  (be  g>9  ariB«a  from  the  presence  of  the  ti, 
of  a  liquid  pbospbiUe  of  b^drogen,  wbicb  can  be  prounred  in  amall  qnanlit 
bj  ooDTeying  the  gim  produaed  b;  Ibe  octioa  of  water  on  pboapbide  of  caloii 
through  a  tube  cooled  b;  a  freeiiag  mixture.  Thin  BubHtance  forms  a  etA 
less  liquid  of  high  refractive  power  and  Tery  great  volatility.  It  dMS'l 
I  freeie  at  0°  (-IT'-SC).  In  contact  with  air  it  iaflameH  instantly,  and 
Tapor  in  very  amall  quantity  communioales  spontaneous  inflaminabili^  to  fl 
phoaphorettod  hydrogen,  and  to  all  other  eumbustible  gafea.  It  is  deal 
posed  by  light  ioto  gaaeous  phospboretted  hydrogen,  and  a  soUd  pbotpU 
irhich  in  often  aeea  on  the  inside  of  jars  containing  gas  uhloh  has  loill 
property  of  spanUDeaaa  inflauiination  by  eipoaure  to  light.  Strong  M 
occasion  ita  instaDtaneous  docompositioa.  Its  iastability  is  equal  to  that' 
hinoiide  of  hydrogen.  It  ia  to  bo  obaervod  thai  the  pure  pb 
hydrogen  gas  itself  becaraos  Bpoataneously  ioQammable  if  heated 
perature  of  boiling  water.' 

Phosphoretled  hydrogen  deeoniposes  seTeral  metallic  solattong,  giTioglJ 
to  precipitates  of  insoluble  phosphides.  With  bydriodic  acid  it  forme  a  oijil 
lioe  compound  aomewbat  resembling  sal-ammoniac. 

SydTOgcn  and  SSieium  are  likewise  capable  of  combining.  Accordisg 
recent  researches  of  Buff  and  Witbler,  alnmininm  containing  eilicium,  «la 
used  as  the  positive  pole  of  a  gahanio  battery,  disengages  a  epontanaovl 
inflammable  gns  containing  hydrogen  and  silioiuDt,  the  compoBttioa  of  irU 
ia  Dot  yet  finnlly  determined. 


CTZortrf(D/JVi(rojni.— When  sal- 
in  water,  and  ajar  of  chlorine  gas  inverted  into  the  solution,  the  gas  ia  ■ 
BOrbed,  and  a  doep-yellow  oily  liquid  is  observed  to  oolleot  upon  the  snrffc 
of  the  solution,  which  ultimately  sinks  in  globules  to  the  bottom.  TU>. 
chloride  of  nitrogen,  the  most  dangeronsly-ei plosive  aubatanoe  knoirn.  1| 
fbltowing  is  the  safest  metbod  of  conducting  the  eiperiment: —  i 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-nmmoniac  in  diltiJl 
water  is  poured  into  a  olean  basin,  and  a  bottle  of  chlorine,  the  neck,  of  wU 
Is  quite  free  from  (p'ease,  inverted  into  it.     A  shallow  and  benvy  leadm  n|i 

E laced  beneath  the  month  of  the  bottle  lo  collect  tbe  product.  When  eciiil 
as  been  obtained,  the  leaden  vessel  may  be  withdrawn  with  its  dangeill 
oontenta,  the  chloride  remaining  covered  with  a  stratum  of  water.  Thee* 
rator  should  proteel  hia  face  with  n  strong  wire-gauie  maak  wheQ  eipeiteet 
ing  upon  tiiia  substance.  • 

The  change  is  explained  by  tbe  following  diagram : — 

:--Chloridp  of  nitrogen.      ' 
Chlorine — — ■  ■'^,,^  '''^Z-'-'  Hydrochloric  add.         ' 


|_  Hydrochloric  Acid  —~ Hydrochloric  acid.' 


OTHER  COXFOrXDS  OF   NON-METALLIC   ELEMENTS.  ISi 

71*'1G),  although  the  experiment  U  atten>{e<l  with  (:r«:it  d:in,srpr.  l«ot«ooii 
jQQo  (98°'8C)  and  212^  ^IiJO^C)  it  explodes  with  the  most  tVnrt'ul  Tiolonoo. 
Doataot  with  almost  any  combustible  matter,  a^  oil  or  fnt  of  any  kitul.  dotor- 
■iim  the  explosion  at  common  tempentaredt :  a  Te^^tel  of  porcelain,  glus^.  oi 
Vltn  of  cast-iron,  is  broken  to  pieces,  and  the  leaden  cup  receivesi  a  deep 
Wntation.  This  body  has  usually  been  ^luppo^ed  to  contain  nitn>p!'n  and 
^lUoiuie  in  the  proportion  of  14  parts  of  the  former  to  UHi-6  partsi  of  the 
JlMttBr;  bat  reeent  experiments  upon  the  correspoudtug  iodine-conipound  induce 
'tMief  that  it  oontains  hydrogen.^ 

t  iodide  of  Nitrogen. — When  finely-powdered  iodine  »  put  into  cau.<tio  ammonia 
#iim  part  dissolTcd,  giving  a  deep-brown  solution,  and  the  residue  is  con- 
tWled  into  a  black  powder,  which  is  the  substance  in  question.  The  brown 
Iqiid  consists  of  hydriodie  acid,  holding  iodine  in  solution,  and  is  easily 
Jiptrated  firom  the  solid  product  by  a  filter.  The  latter  while  still  wot  is  dis- 
Umted  in  small  quantities  upon  separate  pieces  of  bibulous  paper,  and  Icfl 
tB  dry  in  the  air. 

bdide  of  nitrogen  is  a  black  insoluble  powder,  which,  when  dry.  eiplotlei 
fttkthe  slightest  touch,  eren  that  of  a  feather:  and  sometimes  without  any 
ibrioos  cause.  The  explosion  is  not  nearly  so  violent  as  that  of  the  coniyuund 
jMk described,  and  is  attended  with  the  production  of  violet  fumes  of  imiinv. 
Aaeordingto  Dr.  Gladstone  this  substance  contains  hydroji^en.  and  it  may  bo 
Jisved  as  ammonia,  in  which  two-thirds  of  the  hydrogen  are  replaced  by 
.Mae.'  According  to  the  researches  of  Bunsen  it  must  be  viewed  att  a  mm* 
Uution  of  teriodide  of  nitrogen  with  ammonia.*  It  appears,  however,  tlmt 
Am  substance  called  iodide  of  nitrogen  varies  in  composition,  (iladstone,  by 
dtto^ng  the  mode  of  preparation,  obtained  several  compounds  uf  teriodide 
•f  ritrogen  with  ammonia. 

OTHIB  COMPOCNDS   OF   N05-METALLI0   KLRMKNT8. 

CMbrme  with  Sulphur  and  Phosphor lu.  —  Chloride  of  Sulphur. — The  ^iiib- 
tUoride  is  easily  prepared  by  passing  dry  chlorine  over  the  surfacn  of  sulphur 
kspt  melted  in  a  small  glass  retort  connected  with  a  good  crtiu\f.un\n^  arruriKc- 
ML  The  chloride  di;«tils  over  a.^  a  deep  orange-bellow  mohiln  li'iirhl,  of 
FNiKsr  and  disagreeable  orlor,  which  boils  at  2H()<>  OHlo-HC).  As  thix  Hiih< 
Muee  dissolves  both  sulphur  and  eh lorine,  it  is  not  ea<<y  to  obtain  it  in  a  piirn 
Hi  definite  state.     It  contains  32  parts  sulphur  and  Z't.o  chlorinn.^ 

Snbehloride  of  sulphur  is  infitantly  decomposed  by  wat«:r;  hy^lrochloric  And 
kjpQSQlpharoas  acids  are  former^l,  and  sulphur  separated.  The  hypoAulphuroim 
icldinits  torn  decomposes  info  snlphnr  and  5-niphriroiH  a/:id.  Profor.hlorido 
tf  sdphnr  is  formed  by  exposing  the  above  compound  for  a  r.rtn^'yif.riihlf.  tlrnei 
tithe  action  of  chlorine,  and  then  discillin;^  it  in  a  stream  of  the  jt/*^.  I*-  hnn 
*  deep-red  color,  is  hearier  than  water,  boils  at  147**  ffi-i'^-^tC,),  and  r;f,uu\tn 
trieeaa  mnch  chlorine  as  the  snhchloride.^ 

Ckloridet  of  Phoiphonu. — 7V«rA^>nrf<,« — This  is  pr*«!par«»d  in  the  sam^,  mannw 
Unbchloride  of  snlphur,  by  gently  h^atin/  phosphorus  in  'Iry  ^'/nlorin*!  pr.n, 
IW phosphorus  being  in  excess.  Or,  by  pa.-'sing;  the  vapor  of  phosphorus  o/^r 
fripiears  of  calomel  '"^uhchli^ride  of  mftrcury.i  contain**'!  in  a  jjI^sm  tn^i*!  and 
ilMi^y  heated.  It  is  a  eolorle»s.  thin  lir^nid.  which  fnm^s  in  the  air,  »r.-{ 
HMses  a  powerful  and  offensive  odor.  Ua  -»p'*cific  ajravity  i<  1  i.'^  Thrown 
^■to  water,  it  sinlu  ti-i  the  hortom  of  that  li'-jni'l.  and  '■.*»c^.ni*»s  slowly  'Jo/rorrt- 
?*Bd,  yielding  phoiiphorons  aciil  and  hy  Iroch'.iirlc  acid.  This  compound  c^^r.- 
tVBs^  parts  phonphonw  and  10»>'O  par*^*!  chlorine. 

fktadiiaride  of  P.iMphonu' — The  compound  Is  formed  irhen  phosphors  la 


i 
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bornoil  in  eicoas  of  ohlorinB. 

ooek,  piscea  of  phnspboriu  are  iatroduoed  ; 

filled  witb  dry  cblorine  gaa.   Tbn  phoapborna  tnkiv  fire,  und  bume  w 

flnme,  forming  u  white,  TOlntilo  ci7atalline  Buhlimale,  wbioh  ie  tbe  pm) 

cbloride.     It  ma;  be  obtained  in  larger  qunntit;  bj  passing  a  Htream  of  <] 

cblarlDB  gas  into  the  preceding  liquid  terchlaride,  wbich  beoomeN  grftduii 

oonierted  into  a  sotid  cryatAllioe  mass.   FeDtuchluride  of  phospboros  it  doea 

posed  hj  inter,  yielding  pboaphorio  and  liydroahlorie  acida. 

Oxichloride  of  Fhvtphonii,' — If  lorchloriilo  of  pboaphonis  b«  heated  nitt 
quantity  of  water  wbich  is  insuflioient  to  comert  il  into  pboEiphorie  aotf 
fields,  togetber  witb  hydrochlorid  acid,  a  compound  of  phospboruE,  chlorli 
and  oifgen.  Tbia  body  din;  also  be  prepared  b;  distilling  pratochloride  J 
pbospborus  witb  dehydrated  oinlic  acid,  or  bj  distilling  n  mixture  of  penr 
chloride  of  phosphorua  and  snbjdroua  phosphoric  acid.  Oiicbloride  wph 
phorns  ia  a  colorless  liquid  of  1  -7  sp.  gr,,  poBseasing  n  very  pungant  odor,  • 
boiling  at  230°  (110°C).  By  water  it  is  readily  deoomposod  intc  bydnwbkl 
and  phosphoria  acids. 

Two  bromida  of  phospborua  are  known,  closely  corTcapoDding  in  prap«rll_^^ 
and  oonedtuCioD  with  the  cbloridea.     Sereral  compoanda  of  iodine  and|di4 

thorus  also  exist;  they  are  fusible  crvstalline  subsinnoea,  wbioh  deeonpqj 
y  oontoot  with  water,  md yield  hydriodio  acid  andpboaphorous,  or  phoH  " 

CAlorine  and  Corfton. — SeTEral  oom pounds  of  chlorine  and  carbon  areknoi 
They  are  obtained  indirectly  by  tbe  action  of  chlorine  upon  certain  org* 
oompounda,  and  are  deacribed  in  connection  witb  tbe  history  of  aloohol,  A 

lodint  mlh  Sulphur  and  Photphorta.  —  TbeRe  compounds  are  formed  I 
fently  beating  together  tbe  materiala  in  yeaselfl  from  which  the  air  ia 
They  present  few  points  of  interest. 

Chlorine  viUK  Ivdittt. — Iodine  readily  absorbs  chlorine  gas,  forming,  nU 
the  chlorine  is  in  excess,  a  solid  yeiluw  compound,  and  wlien  the  iodine  pH 

{onderates,  a,  brown  liquid.  Tbe  solid  iodide  is  decomposed  by  water,  yieldii 
ydrochloric  and  iodic  acids.' 
Another  definite  compound  is  formed  by  beating  in  a  retort  a  mixture  ol 
part  iodine  and  4  parts  chlorate  of  potaaaa;  oxygen  gas  and  cbloride  of  iodi 
ftre  diaengaged,  and  tbe  latter  may  be  coudensed  by  suitable  meana.  \lA 
and  perchlomte  of  potaasa  remain  in  the  retort 

Thla  chloride  of  iodine  is  a  yellow,  oily  liquid,  of  anSbcaUng  emdl  I 
astringent  taate ;  it  is  aaluble  in  water  and  alcohol  without  decompoailioi.  i 
probably  consists  of  127  parts  iodine  and  35'5  parts  chlorine.' 

Carhoa  and  Satphur. — Bisulphide  of  Carbon.' — A  wide  porcelain  tube  is  IH 
with  pieces  of  churconl  which  have  been  recently  heated  to  redness  in  a  eo*>T 
crucible,  and  fixed  ocroasa  furnace  in  a  slightly-inclined  position.  lata  tl 
lower  extremity  a  tolorably'wide  tube  is  secured  by  the  aid  of  a  cork:  tt 
tube  bends  downwards,  and  passes  nearly  to  the  bottom  of  a  bottle  SUed*) 
fragments  of  ice  and  a  little  water.  Tbe  porcelain  tube  being  beated  to 
bright  radnesa,  fragments  of  sulpbnr  are  thrown  inli  tbe  open  end,  wWeb 
immedintely  afterwards  stopped  by  a  cork.  The  sulpbnr  mella,  and  beoool' 
converted  into  vapor,  which  at  that  hi^b  temperature  combines  with  '^ 
carbon,  forming  an  exceedingly  volatile  compound,  which  ia  condensed  by  * 
Ice  and  collects  at  the  bottom  of  tbe  vessel.  This  is  ooUeoted  and  redistlU 
Tvith  a  very  gentle  heat  in  a  retort  oonnecled  with  a  good  condenser.  K 
phide  of  carbon  is  a  transparent,  colorless  liquid  of  great  refractive  and 
persiva  power.  Its  density  is  1'272.  It  boils  at  110°  (43°3C),  and  e 
vapor  of  considerable  elaaticity  at  common  temperatures.     Tbe  odor  of  ^ 

iq.  ebloilne,  or  Id*- 
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bfitanoe  is  very  repulsive.  When  set  on  fire  in  the  air  it  I  urns  with  a  blue 
me,  forming  carbonic  acid  and  sulphurous  acid  gases ;  and  when  its  vapor 
mixed  with  oxygen,  it  becomes  explosive.  Bisulphide  of  carbon,  when 
tated  with  water  in  a  sealed  tube  to  about  802°  (150°C),  is  converted  into 
rbonic  acid  and  sulphuretted  hydrogen.  In  contact  with  nascent  hydrogen 
rhen  heated  with  zinc  and  dilute  sulphuric  acid),  it  is  converted  into  a  white 
ystalline  substance  containing  carbon,  hydrogen,  and  sulphur,^  crystallizing 
square  prisms,  insoluble  in  water,  alcohol,  and  ether,  but  soluble  in  bisul- 
lide  of  carbon,  subliming  at  802<^  (IdO'^C),  and  decomposing  at  8d2o  (200oC). 
isalphide  of  carbon  freely  dissolves  sulphur,  and  by  spontaneous  evaporation 
^posits  the  latter  in  beautiful  crystals ;  it  also  dissolves  phosphorus. 
I^rotosulphide  of  Carbon.  —  This  body  has  been  recently  discovered  by 
Midrimont.  It  is  formed  together  with  the  bisulphide,  if,  in  the  preparation 
:  the  latter,  the  carbon  predominates.  It  is  also  produced  when  the  vapor 
f  bisulphide  of  carbon  meets  with  hydrogen  at  a  red  heat,  as  when  carbonic 
dde  and  sulphuretted  hydrogen  are  passed  together  through  a  red-hot  tube, 
rotosulphide  of  carbon  is  a  gas  of  an  odor  similar  to  that  of  the  bisulphide : 
bums  with  a  blue  flame.  Water  dissolves  its  own  volume  of  protosulphide 
r  carbon,  which  is,  however,  gradually  decomposed  into  sulphuretted 
ydrogen  and  carbonic  oxide. 

Chlorides  ofSilicium  and  Boron.  —  Both  silicium  and  boron  combine  directly 
ddi  chlorine.  The  chloride  of  silicium  id  obtained  by  missing  finely-divided 
iliea  with  charcoal  powder  and  oil,  strongly  heating  the  mixture  in  a  covered 
radble,  and  then  exposing  the  mass  so  obtained  in  a  porcelain  tube,  heated 
0  fall  redness,  to  the  action  of  perfectly  dry  chlorine  gas.  A  good  condensing 
orangement,  supplied  with  ice-cold  water,  must  be  connected  with  the  por- 
)eUdn  tube.  The  product  is  a  colorless  and  very  volatile  liquid,  boiling  at 
122®  (50®C),  of  pungent,  suflfocating  odor.  In  contact  with  water  it  yields 
hydrochloric  acid  and  gelatinous  silica.  This  substance  contains  21*8  parts 
B^leiam,  and  106*5  chlorine.^ 

Bromide  of  Silicium^  may  be  obtained  by  a  similar  proceeding,  the  vapor  of 
Vromine  being  substituted  for  chlorine :  it  resembles  the  chloride,  but  is  less 
Tolatile. 

Ckktide  of  Boron^  was  formerly  believed  to  be  a  permanent  gas:  recent 
naearches  have  proved  that  it  is  a  liquid,  boiling  at  62*6^  (17°C),  decomposed 
^7  irater,  with  production  of  boracic  and  hydrochloric  acids,  and  fuming 
i^ngly  in  the  air.  It  may  be  most  easily  obtained  by  exposing  to  the  action 
vfdry  chlorine  at  a  very  high  temperature  an  intimate  mixture  of  glassy 
lioncic  acid  and  charcoal.  It  resembles  in  constitution  chloride  of  silicium. 
Bromide  of  boron  ^  likewise  exists. 

SmJphidee  of  Silicium  and  Boron.  —  Fremy  has  formed  sulphide  of  silicium* 
•ftd  sulphide  of  boron  *  by  passing  the  vapor  of  bisulphide  of  carbon  over 
Btrongly-heated  pellets  of  lamp-black  and  precipitated  silica  in  the  one  case ; 
or  in  the  other,  of  boracic  acid  with  charcoal.  The  sulphide  of  silicium  forms 
I^Bg  silky  needles  soluble  in  water,  with  rapid  evolution  of  sulphuretted 
B;fdrogen.    The  sulphide  of  boron  is  also  occasionally  obtained  in  crystals. 

*OkHAi         SiCls.         •SiBrs.         «BoCli.  »Bo6x».  'Si  St.  «Boflb. 
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ON  THE  GENERAL  PRINCIPLES  OF  CHEMICAL  PHILOSOPHY. 

Thk  study  of  tbe  non -metallic  elements  can  be  pn^hed  to  a  very  conaldenUi 
extent,  and  a  large  amount  of  preci^-e  and  exceedingly  important  infonnttioi 
acquired,  without  much  direct  reference  to  the  great  fundamental  laws  cf 
chemical  union.  The  Kubject  cannot  be  ditfcussed  in  this  manner  completely, 
as  will  be  obvious  from  frequent  cubta  of  anticipation  in  many  of  the  foregoing 
foot-notes:  still  much  nmy  be  done  by  this  f-imple method  of  proceeding.  Tbi 
bodies  themselves,  in  their  conibinntions,  fuminh  admirable  illustratioDf  of 
the  general  laws  refernd  to ;  but  the  study  of  their  leading  cbaractcn  and 
relations  does  not  of  neccKi-ity  involve  a  previous  knowledge  of  these  Uvi 
themi'elves. 

It  is  thought  that  by  Kuch  an  arrnngemeut  the  comprehension  of  these  foy 
important  general  principlen  may  beconie,  in  some  measure,  facilitated  1^ 
con«ftant  references  to  eianiple«>  of  combinations,  the  elements  and  produeti 
of  which  have  been  already  described.  80  much  more  difficult  is  it  to  gaint 
clear  and  dititinct  idea  of  any  proposition  of  great  generality  from  a  simple 
enunciation,  than  to  understand  the  bearing  of  the  same  law  when  iUiutrrivd 
by  a  single  good  and  familiar  instance. 

Before  proceeding  farther,  however,  it  is  absulutely  necessary  that  theso 
matterH  should  be  di»-cuf>^-e<l :  the  metallic  compounds  are  so  namerons  im! 
coni])]icuted,  that  the  efrtablL^huient  of  sr>me  general  principle,  some  conneetiBg 
link,  becomes  indispensable.  The  doctrine  of  equivalents,  and  the  Itm 
which  regulate  the  formation  of  saline  compounds,  supply  this  deficiency. 

In  the  organic  department  of  the  hcience,  the  most  interesting  perbapi  rf 
all,  a  knowledge  of  the^e  principles,  and  farther,  an  acquaintance  or  era 
familiarity  with  the  beautiful  system  of  chemical  notation  now  in  UM^  M 
absolutely  required.  This  latter  in  found  of  ver^'  great  service  in  the  fti^f 
of  salts  and  other  complex  inorganic  compounds,  but  in  that  of  orgudl 
chemistry  it  cannot  be  dinpensed  with. 

It  will  be  proper  to  commence  with  a  notice  of  the  principles  which  r^oUi 
the  modem  nomenclature  in  use  in  chemical  writings. 

KOMENCLATUBE. 

In  the  early  days  of  chemistry  the  arbitrary  and  fanciful  names  which trcn 
conferred  by  each  experimenter  on  the  new  compounds  he  diacovered  nfieed 
to  di.stinguihh  these  from  each  other,  and  to  render  intelligible  the  deeeriptk* 
given  of  their  production.     Such  terms  as  oil  0/ vitriol,  tpirit  o/sali,  iltf 
tartar^  butUr  of  antirnony,  tvgar  of  Irad^  flowers  of  line,  tal  enizufn,  mlmirtiiOtf 
&c.,  were  then  quite  admLssiblc.     In  process   of  time,  however,  when  the 
number  of  known  HubhtanceH  became  vastly  increased,  the  confusion  of  ln>* 
guu^e  produced  by  the  want  of  a  more  systematic  kind   of  nomeoclatar* 
beoiiiiie   quite   intolerable,  and   the   evil  was  still  further  increased  1^  th* 
frequent  use  of  numerous  synonyms  to  designate  the  same  substance. 

Jn  the  year  1787  I^avoisier  and  his  colleagues  published  the  plan  of  tb* 
remarkable  system  of  nomenclature,  which,  with  some  important  exteasioo' 
Eince  rendered  necessary,  has  up  to  the  present  time  to  a  great  extent  satiifie^ 
Uie  wants  of  the  science.     It  is  in  organic  chemistry  that  the  deficieneief  o^ 
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liis  plan  are  chiefly  felt,  and  that  something  like  a  return  to  the  old  method 
AS  been  rendered  ineyitable.  Organic  chemistry  is  an  entirely  new  science, 
rhich  has  sprung  up  since  the  death  of  these  eminent  men,  and  has  to  deal 
rith  bodies  of  a  constitution  or  type  differing  completely  from  that  of  the 
norganic  acids,  bases,  and  salts,  which  formed  the  subjects  of  the  chemical 
tadies  of  that  period.  The  rapid  progress  of  discovery  by  which  new  com- 
K>und8,  and  new  classes  of  compounds,  often  of  the  most  unexpected  nature, 
dre  continually  brought  to  light,  sufficiently  proves*  that  the  time  to  attempt 
he  construction  of  a  permanent  systematic  plan  of  naming  organic  bodies 
uui  not  yet  arrived. 

The  principle  of  the  nomenclature  in  use  may  be  thus  explained :  —  £le- 
nentary  substances  still  receive  arbitrary  names,  generally,  but  not  always, 
eferring  to  some  marked  peculiarity  of  the  body ;  a  uniformity  in  the  ter- 
nination  of  the  word  has  generally  been  observed,  as  in  the  casf  of  new  metals 
rhose  names  are  made  to  end  in  turn. 

Compounds  formed  by  the  union  of  non-metallic  elements  with  metals,  or 
rith  other  non-metallic  elements,  are  collected  into  groups  having  a  kind  of 
^eric  name  derived  from  the  non-metallic  element,  or  that  most  opposed  in 
iharacters  to  a  metal,  and  made  to  terminate  in  ide.^  Thus  we  have  oxides, 
derides,  iodides,  bromides,  &c.,  of  hydrogen  xnd  of  the  several  metals; 
oxides  of  chlorine ;  chlorides  of  iodine  and  sulphur ;  sulphides  and  phosphides 
if  hydrogen  and  the  metals. 

The  nomenclature  of  oxides  has  been  already  described  (p.  126).  They  are 
iirided  into  three  classes,  namely,  alkaline  or  basic  oxides,  neutral  oxides, 
lad  oxides  possessing  acid  characters.  In  practice  the  term  oxide  is  usually 
restricted  to  bodies  belonging  to  the  first  two  groups,  those  of  the  third  being 
nmply  called  acids.  Generally  speaking  these  acids  are  derived  from  the 
non-metallic  elements  which  yield  no  basic  oxides :  many  of  the  metals,  how* 
Bver,  yield  acids  of  a  more  or  less  energetic  description. 

The  same  element  in  combining  with  oxygen  in  more  than  one  proportion 

Vftay  yield  more  than  one  acid :  in  this  case  it  has  been  usual  to  apply  to  the 

iMid  containing  most  oxygen  the  termination  tc,  and  to  the  one  containing  the 

lesser  quantity  the  termination  oua.     When  more  members  of  the  same  group 

came  to  be  known,  recourse  was  had  to  a  prefix,  hypo  or  hyper,   (or  per,) 

ngnifying  deficiency  or  excess.    Thus,  the  two  earliest<known  acids  of  sulphui 

vere   named   respectively  sulphurous   and  sulphuric  acid ;    subsequently  twc 

Bore  were  discovered,  the  one  containing  less  oxygen  than  sulphurous  acid, 

the  other  intermediate  in  composition   between   sulphurous   and   sulphuric 

Mids.    These  were  called  hyposulphurous  and  hyposulphuric  acids    The  names 

of  the  new  acids  of  sulphur  of  still  more  recent  discovery  are  not  yet  perma* 

ttently  fixed ;  Lavoisier's  system,  even  in  its  extended  form,  fails  to  furnish 

wunes  for  such  a  lengthened  series.     Other  examples  of  the  nomenclature  of 

wids  with  increasing  proportions  of  oxygen  are  easily  found ;  as,  hypophos- 

fWoM,  phosphorou9j  and  phosphoric  acids ;  hypochlorous,  chlorous^  hypochloric, 

^Uorje,  and  perchloric  acids ;  nitrous,  kyponitric,  and  nitric  acids,  &c. 

The  nomenclature  of  salts  is  derived  from  that  of  the  acid  they  contain ;  if 

^  name  of  the  acid  terminate  in  ic,  that  of  the  salt  is  made  to  end  in  ate ; 

"  in  otu,  that  of  the  saline  compound  ends  in  ite     Thus  sulphuric  acid  forms 

.   ^hates  of  the  various  bases;    sulphurous  acid,  sulphites;    hyposulphurous 

;    ^^  hyposulphites;  hyposulphuric  acid,  hyp^fulphates,  &c.     The  rule  is  here 

'Wy  simple  and  obvious. 
'   ,  ^^®  ^*Dt  of  uniformity  in  the  application  of  the  systematic  nomenclature 
'    B  chiefly  felt  in  the  class  of  oxides  not  possessing  acid  characters,  and  in  that 
t   •»  8ome  analogous  compounds.     The  old  rule  was  to  apply  the  word  protoxide 
.    lOthe  oxide  containing  least  oxygen,  to  call  the  next  in  order  binoxide,  the 

*  Formerly  the  termination  urei  was  likowise  frequentry  used. 
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third  tritoxide  or  Uroxide,  kc.  But  latterly  this  rule  hns  been  broken  throuA 
and  the  term  protoxide  given  to  that  oxide  of  a  series  in  which  the  baai 
characters  are  most  strongly  marked.  Any  compound  containing  a  smalkr 
proportion  of  oxygen  tlian  this  is  called  a  tuboxide.  An  example  is  to  be  fomd 
in  the  two  oxides  of  cojiper ;  that  which  was  once  called  binoxide  is  now  pn^ 
oxide,  being  the  more  basic  of  the  two,  while  the  former  protoxide  is  degraded 
into  suboxide. 

The  Latin  prefix  per^  or  rarely  ht/pety  is  sometimes  used  to  indicate  tin 
highest  oxide  of  a  scries  destitute  of  acidity,  as  peroxide  of  iron,  chromiiuB, 
manganese,  lead,  &c.  Other  Latin  prefixes,  as  aeaqui,  bi  or  6111,  and  quait 
applied  to  the  names  of  binary  compounds  or  salts  haye  reference  to  thecoi- 
stitution  of  these  latter  expressed  in  chemical  equivalents.^  Thus,  an  oxide 
in  which  the  proportions  of  oxygen  and  metal  are  in  equiTalents,  as  1*6  to  1, 
or  8  to  2,  is  often  called  a  senquioxide ;  if  in  the  proportion  of  2  to  1,  a  bin- 
oxide,  &c.  The  same  terms  are  applied  to  salts:  thus  we  ha^e  noilra/sai- 
phate  of  potassa,  aesquisulphate  of  potassa,  and  bitulphate  of  potassa ;  the  M 
containing  1  equivalent  of  acid  to  1  of  base,  the  second  1*6  of  aoi4  tolof 
base,  and  the  third  2  equivalents  of  acid  to  1  equivalent  of  base.  In  Blv 
manner  we  have  neutral  oxalate,  binoxalatey  and  guadroxalate  of  potassa,  tin 
latter  having  4  eq.  of  acid  to  1  eq.  of  base.  Many  other  cases  might  bt 
cited. 

The  student  will  soon  discover  that  the  rules  of  nomenclature  are  oftA 
loosely  applied,  as  when  a  Latin  numeral  prefix  is  substituted  for  one  of  Greek 
origin.  We  speak  of  tereulphide  instead  of  tritosulphide  of  antimony,  anA 
quinquUulphide  instead  of  pentasulphide  of  antimony.  These  and  other  small 
irregularities  are  not  found  in  practice  to  cause  serious  confusion. 

THE    LAWS   OF  COMBINATION    BT  WEIGHT. 

The  great  general  laws  which  regulate  all  chemical  combinationfl  admit  of 
being  laid  down  in  a  manner  at  once  simple  and  concise.  They  are  four  in 
number,  and  to  the  following  effect : 

1.  All  chemical  compounds  are  definite  in  their  nature,  the  ratio  of  tht 

elements  being  constant. 

2.  When  any  body  is  capable  of  uniting  with  a  second  in  several  propor* 

tions,  these  proportions  bear  a  simple  relation  to  each  other. 

3  If  a  body,  A,  unite  with  other  bodies,  B,  C,  D,  the  quantities  of  1^ 
C,  D,  which  unite  with  A,  represent  the  relations  in  which  ihejfiKdtt 
among  themselves^  in  the  event  of  union  taking  place. 

4.  The  combining  quantity  of  a  compound  is  the  sum  of  the  combiii!4 
quantities  of  its  components. 

( 1 . )  Constancy  of  Composition.  — That  the  same  chemical  compound  invarieW/ 
contains  the  same  elements  united  in  unvarying  proportions,  is  a  propoeitioi* 
almost  axiomatic;  it  is  involved  in  the  very  idea  of  identity  itself.  TheeW" 
verse,  however,  is  very  far  from  being  true  ;  the  same  elements  combining  !*• 
the  saino  proportions  do  not  of  necessity  generate  the  same  substance. 

Orpmio  chemistry  furnishes  numerous  instances  of  this  very  remark»|>l' 
fact,  in  which  the  greatest  diversity  of  properties  is  associated  with  identiV 
of  chemical  composition.  These  cases  are  chiefly  met  with  in  organic  chem* 
\stry  ;  but  well-established  and  undoubted  examples  are  known  intheino*^ 
ganic  or  mineral  division  of  the  science. 

*  Se«  a  few  pages  forward. 
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.)  Multiple  Proportions.  —  Illustrations  of  this  simple  and  beaatifal  law 
nd  on  every  side :  let  the  reader  take  for  example  the  compounds  of  nitro- 
and  oxygen,  five  in  number,  containing  the  proportions  of  the  two  ele- 
bs  so  described  that  the  quantity  of  one  of  them  shall  remain  constant : 

Nitrogen.      Oxygen. 

Protoxide 14  8 

Binoxide 14  16 

Nitrous  acid 14  24 

Hyponitric  acid 14  82 

Nitric  acid 14  40 

t  will  be  seen  at  a  glance,  that  while  the  nitrogen  remains  the  SB,v^y  the 
mtities  of  oxygen  increase  by  multiples  of  8,  or  the  number  representing 
quantity  of  that  substance  in  the  first  compound ;  thus,  8,  8  X  2,  8  x  3, 
C  4,  and  8  X  ^  f^^c  respectively  the  oxygen  in  the  protoxide,  the  binoxide, 
rous  acid,  hyponitric  acid,  and  lastly,  nitric  acid.  .Again,  carbonic  acid 
itains  exactly  twice  as  much  oxygen  in  proportion  to  the  other  constituent 
carbonic  oxide ;  the  binoxide  of  hydrogen  is  twice  as  rich  in  oxygen  as 
ter;  the  corresponding  sulphides  exhibit  the  same  phenomena,  while  the 
tallic  compounds  offer  one  continued  series  of  illustrations  of  the  law, 
bagh  the  ratio  is  not  always  so  simple  as  that  of  1  to  2. 
it  often  happens  that  one  or  more  members  of  a  series  are  yet  deficient : 
>  oxides  of  chlorine  afford  an  example. 

Hypochlorous  acid    . 
Chlorous  acid    . 
Hypochloric  acid 
Chloric  acid 
Perchloric  acid 

Here  the  quantities  of  oxygen  progress  in  the  following  order :  —  8,  8  \  8, 
<  4, 8  X  5,  8  X  7 ;  gaps  are  manifest  between  the  first  and  second,  and  also 
tween  the  fourth  and  fifth  substances ;  these  remain  to  be  filled  up  by  future 
searches.  The  existence  of  a  simple  relation  among  the  numbers  in  the 
Mnd  column  is,  however,  not  the  less  evident.  Even  when  dif&culties  seem 
occur  in  applying  this  principle,  they  are  only  apparent,  and  vanish  when 
»ely  examined.  In  the  highly-complex  sulphur  series,  given  at  p.  150,  the 
imbers  placed  in  each  column  are  multiples  of  the  lowest  among  them ;  and, 
'  making  the  assumption,  which  is  not  at  all  extravagant,  that  certain  of  the 
3t-Damed  bodies  are  intermediate  combinations,  we  may  arrange  the  four 
rect  compounds  in  such  a  manner  that  the  sulphur  shall  remain  a  constant 
lantitjr. 

Sulphur.      Oxygen. 

Hyposulphurous  acid  . 
Sulphurous  acid  . 
Hyposulphuric  acid 
Sulphuric  acid 

Compound  bodies  of  all  kinds  are  also  subject  to  the  law  of  multiples  when 
'•y  unite  among  themselves,  or  with  elementary  substjiuces.  There  are  two 
uphates  of  potassa  and  soda:  the  second  contains  twice  as  much  acid  in 
»*tion  to  the  alkaline  base  as  the  first.  There  are  three  oxalates  of  potassa, 
^^oly,  the  simple  oxalate,  the  binoxalate,  and  the  quailroxalnte;  the  second 
^  equally  twice  as  much  acid  as  the  first ;  and  the  third  twice  0^'%  xom^  %Jk 
17 


ilorine. 

Oxygen 

35-5 

8 

85-6 

24 

35-6 

32 

35-6 

40 

86-6 

56 

32 

16 

S2 

32 

82 

40 

82 

48 
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the  second.     Many  other  cases  mi);ht  be  cited,  but  the  student,  onee  ia  pOf* 
sesRion  of  the  principle,  will  ensily  notice  them  as  be  proceeds. 

(ii.)  Law  of  Equivalenta. — It  i»  highly  important  that  the  sabject  now  to  bi 
discussed  should  be  completely  understood. 

Let  a  substance  be  chosen  whose  range  of  affinity  and  powers  of  oonbiiift* 
tion  are  very  great,  and  whose  compounds  are  susceptible  of  rigid  and  exact 
analysis ;  such  a  body  is  found  in  oxygen,  which  is  known  to  unite  with  lU 
the  elementary  substances,  with  the  single  exception  of  fluorine.     Now,  let  a 
series  of  exact  experiments  be  made  to  determine  the  proportionB  in  whiflh 
the  different  elements  combine  with  one  and  the  same  constant  quantity  of 
oxygen,  which,  for  reasons  hereafter  to  be  explained,  may  be  assumed  to  be  8 
parts  by  weight ;  and  let  these  numbers  be  arranged  in  a  column  oppodte  the 
names  of  the  suostances.     The  result  is  a  table  or  list  like  the  foUowiog^  bit 
of  coA>se  much  more  extensive  when  complete. 

Oxygen 8 

Hydrogen 1 

Nitrogen  )4 

Carbon        6 

Sulphur 16 

Phosphorus 81 

Chlorine 85*5 

Iodine 127 

Potassium 89 

Iron 28 

Copper 81'7 

Lead 108*7 

Silver 108 

&c.,  &o. 

Now  the  Uw  in  question  is  to  this  effect:  —  If  such  numbers  represent  ttP* 
proportions  in  which  the  different  elements  combine  with  the  arbitrarily  ix0^ 
quantity  of  the  starting-substance,  the  oxygen,  they  also  represent  the  fi^ 
portions  in  which  they  unite  among  themselves j  or  at  any  rate  bear  some  ezMedf* 
lugly  simple  ratio  to  these  proportions. 

Thus,  hydrogen  and  chlorine  combine  invariably  in  the  proportions  1  vai 
35*5;  hydrogen  and  sulphur,  1  to  16;  chlorine  and  silver,  85*5  to  108;  iodin^ 
and  potassium,  127  parts  of  the  former  to  39  of  the  latter,  &c.  This  rnl«i^ 
never  departed  from  in  any  one  instance. 

The  term  equivalent  is  applied  to  these  numbers  for  a  reason  which  will  noi^ 
be  perfectly  intelligible ;  they  represent  quantities  capable  of  exactly  replaeio^ 
each  other  in  combination :  1  part  of  hydrogen  goes  as  far  in  combining  witl» 
or  «:;aturating  a  certain  amount  of  oxygen  as  28  parts  of  iron,  89  of  potassiuDf 
or  108  of  silver;  for  the  same  reasons,  the  numbers  are  said  to  reprtffO^ 
combining  quantities^  or  proportionals. 

Nuthing  is  more  common  than  to  speak  of  so  many  equivalents  of  this  of 
that  substance  being  united  to  one  or  more  equivalents  of  a  second;  by  thi* 
expression,  quantities  are  meant  just  so  many  times  greater  than  these  relsti** 
numbers.    Thus,  sulphuric  acid  is  said  to  contain  1  equivalent  of  sulphur,  •»" 
8  equivalents  of  oxygen :  that  is,  a  quantity  of  the  latter  represented  by  thr«* 
times  the  combining  number  of  oxygen  ;    phosphoric  acid  is  made  up  of  ^ 
equivalent  of  phosphorus  and  5  of  oxygen  ;   the  red  oxide  of  iron  containB,  •■ 
will  be  seen  hereafter,  3  equivalents  of  oxygen  to  ey^ry  2  equivalents  o» 
metal,  &c.     It  is  an  expression  which  will  henceforward  be  freely  and  co» 
stantly  emp7::Yed;  it  is  hoped,  therefore,  that  it  will  be  understood 
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'rhe  nature  of  the  law  will  ensily  show  that  the  choice  of  the  body  destined 
>  serve  for  a  point  of  departure  is  perfectly  arbitrary,  and  regulated  bj 
onsiderations  of  convenience  alone. 

A  body  might  be  chosen  which  refuses  to  unite  with  a  considerable  number 
f  the  elements,  and  yet  the  equivalents  of  the  latter  would  admit  of  being 
letermined  by  indirect  means,  in  virtue  of  the  very  peculiar  law  under  dis- 
cission. Oxygen  does  not  unite  with  fluorine,  yet  the  equivalent  of  the  latter 
tan  be  found  by  observing  the  quantity  which  combines  with  the  equivalent 
)nantity  of  hydrogen  or  calcium,  already  known.  We  may  rest  assured  that 
tf  an  oxide  of  fluorine  be  ever  discovered,  its  elements  will  be  associated  in 
Qie  ratio  of  8  to  19,  or  in  numbers  which  are  either  multiples  or  submultiples 
of  these.  * 

The  number  assigned  to  the  starting-substance  is  also  equally  arbitrary: 
If,  in  the  table  given,  oxygen  instead,  of  8  were  made  10,  or  100,  or  even  a 
fractional  number,  it  is  quite  obvious  that  although  the  other  numbers  would 
all  be  different,  the  ratiOf  or  proportion  among  the  whole,  would  remain 
unchanged,  and  the  law  would  still  be  maintained  in  all  its  integrity. 

There  are,  in  fact,  two  such  tables  in  use  among  chemists ;  one  in  which 
oxygen  is  made  =  8,  and  a  second  in  which  it  is  made  =  100;  the  former  is 
generally  used^n  this  country,  and  the  latter  still  to  a  certain  extent  on  the 
Continent.  The  only  reason  for  giving,  as  in  the  present  volume,  a  preference 
to  the  first  is,  that  the  numbers  are  smaller  and  more  easily  remembered. 

The  number  8  has  been  chosen  in  this  table  to  represent  oxygen,  from  an 
opinion  long  held  by  the  late  Dr.  Front,  and  recently  to  appearance  substan- 
tiated in  some  remarkable  instances  by  very  elaborate  investigation,  that  the 
equivalents  of  all  bodies  are  multiples  of  that  of  hydrogen ;  and  consequently, 
by  making  the  latter  unity,  the  numbers  would  be  all  integers.  The  question 
laust  be  considered  as  altogether  unsettled.  A  great  obstacle  to  such  a  view 
is  presented  by  the  case  of  chlorine,  which  certainly  seems  to  be  a  fractional 
number;  and  one  single  well-established  exception  will  be  fatal  to  the 
hypothesis. 

As  all  experimental  investigations  are  attended  with  a  certain  amount  of 
•ror,  the  results  contained  in  the  following  table  must  be  looked  upon  merely 
*^  good  approximations  to  the  truth.  For  the  same  reason,  small  differences 
^  often  observed  in  the  determination  of  the  equivalents  of  the  same  bodies 
by  different  experimenters. 

TABLB  or  ELBMBNTABT  SUBSTANCES,  WITH  THBIB  EQUIVALENTS. 


Oxy.  =  8 

Oxy.  =  100. 

Oxy.  =  8. 

Oxy.  =  100. 

Aluminium 

.     13-7 

171-25 

Didymium .  .     48 

600 

Antimony 

.  .  120-3 

1603-7 

Erbium 

Arsenic  . 

.  .     76 

937-6 

Fluorine.  .  .     19 

237-5 

Barium    . 

.  .     68-5 

856-25 

Gold 197 

2462-5 

Beryllium 

.  .     14-1 

176-25 

Hydrogen  .  .       1 

12-5 

Bismuth  . 

.  .  208 

2600 

Iodine  ....  127 

1587-5 

Boron  .  . 

.  .     10-9 

136-25 

Iridium  ...     99 

1237-5 

Bromine .  . 

.  .     80 

1000 

Iron 28 

850 

■Cadmium  . 

,  .     56 

700 

Lanthanum  -.     47 

587-5 

'Calcium  .  . 

.  .     20 

250 

Lead 1087 

1296-25 

Carbon    .  . 

.  .       6 

75 

Lithium  .  .  .       6-95 

86-87 

Cerium    .  , 

.     47 

587-5 

Magnesium   .     12 

160 

Chlorine  .  . 

.     86-5 

443-75 

Manganese    .     27  -6 

846 

Chrominm  , 

.  .    26-7 

333-76 

Mercury.  .  .  100 

1250 

Cobalt.  .  . 
Copper.  .  . 

.     29-6 

868-75 

Molybdenum      46 

375 

.  .     81-7 

896-25 

Nickel  ....     29-6 

870 
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TABLK   OF    ILEMENTABT   SUBSTANCES,    WITH    THEIB   EQUIVALEKTS —   CotflWUti 


Oxy 

.  =  8. 

Oxy.  =  100. 

Oxy.  =  8. 

Oxy.  - 100. 

Niobium 

Strontium 

.  .     48-8 

647-6 

Nitrogen.  .  . 

14 

176 

Sulphur  . 

.  .     16 

200 

Norium 

Tantalum 

.  .  184 

2800 

Osmium  .  .  . 

99-6 

1245 

Tellurium 

.  .     64-2 

802-5 

Oxygen    .  .  . 

8 

100 

Terbium 

Palladium  .  . 

68-3 

666-26 

Thorium  . 

.  .     69-6 

746 

Pkoitphorus   . 

81 

887-6 

Tin    ... 

.  .     68 

726 

Platinum    .  . 

98-7 

1233-75 

Titanium 

.  .     26 

812-6 

Potassium  .  . 

89 

487-5 

Tungsten 

.  .     92 

1160 

Kbodium     .  . 

62-2 

662-5 

Uranium . 

.  .     60 

760 

Ruthenium    . 

52-2 

6525 

Vanadium 

.  .     68« 

867-5 

Selenium.  .  . 

39-5 

493-75 

Yttrium 

, 

Silicium  .  .  . 

21-3 

266-25 

Zinc  .  .  . 

.  •    82-6 

407-5 

Silver   .... 

108 

1850 

Zirconium 

.  .     88-6 

420 

Sodium    .  .  . 

28 

287-6 

e 

(4.)  CombiningNumbm  of  Compounds.  —  The  law  states  that  the  equiTslent 
or  combining  number  of  a  compound  is  always  the  sum  of  the  equiYalents  fli 
its  components.  This  is  also  a  great  fundamental  truth,  which  it  is  necessaiy 
to  place  in  a  clear  and  conspicuous  light.  It  is  a  separate  and  independest 
law,  established  by  direct  experimental  evidence,  and  not  dedueible  froB 
either  of  the  preceding. 

The  method  of  investigation  by  which  the  equivalent  of  a  simple  body  ii 
determined  has  been  already  explained  ;  that  employed  in  the  case  of  a  coa- 
pound  is  in  nowise  different.  The  example  of  the  acids  and  alkalis  may  be 
taken  as  the  most  explicit,  and  at  the  same  time  most  important.  An  aeid 
and  a  base,  combined  in  certain  definite  proportions,  neutralize,  or  mask  eaek 
other's  properties  completely,  and  the  result  is  a  salt ;  these  proportions  «• 
called  the  equivalents  of  the  bodies,  and  they  are  very  variable.  Some  ftcida 
have  very  high  capacities  of  saturation,  of  others  a  much  larger  quantity, 
must  be  employed  to  neutralize  the  same  amount  of  base ;  the  bases  tbem' 
selves  present  also  similar  phenomena.  Thus,  to  saturate  47  parts  of  potaffii 
or  116  parts  of  oxide  of  silver,  there  are  required  — 


40  parts  sulphuric  acid, 
64      **     nitric  acid, 
75-6  "     chloric  acid, 
167      "      iodic  acid, 
61      *'     acetic  acid. 

Numbers  very  different,  but  representing  quantities  which  replace  W» 
other  in  combination.  Now,  if  a  quantity  of  some  base,  such  as  potassa,  be 
taken,  which  is  represented  by  the  sum  of  the  equivalents  of  potassium  aim 
oxygen,  then  the  quantity  of  any  acid  requisite  for  its  neutralization^  •* 
determined  by  direct  experiment,  will  always  be  found  equal  to  the  8U»* 
the  equivalents  of  the  different  components  of  the  acid  itself. 

89  =  equivalent  of  potassium. 
8  =  "  oxygen. 


47  =  assumed  equivalent  of  potassa. 
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47  pftrts  of  potassa  are  found  to  be  eznctlj  neutralized  by  40  pnrts  of  rca^ 
dphorio  acid,  or  of  54  parts  of  real  nitiic  acid.  These  quantitiefl  are 
ridently  made  up  by  adding  together  the  equiyalciits  of  their  cunatituents : — 

1  eqiuTalent  of  sulphur  =-16  1  equivalent  of  nitrogen  =  14 

8  «  oxygen  =24  6        **  oxygen    ^  40 

1  "  Bulphuric  acid  =:  40  1         *'  nitric  acid  =  64 

And  the  aame  is  true  if  any  acid  be  taken,  and  the  quantities  of  different 
hues  required  for  its  neutralization  determined ;  the  combinifig  number  of 
tha  compound  will  always  be  found  to  be  the  sum  of  the  combining  numbers 
if  its  components,  however  complex  the  substance  may  be.  Even  among 
■eh  bodied  as  the  vegeto-alkalis  of  organic  chemistry,  the  Hamo  univerMil 
nle  holds  good.  When  salts  combine,  which  is  a  thing  of  very  common 
•oeorrence,  as  will  hereafter  be  seen,  it  is  always  in  the  ratio  of  the 
tqnivalent  numbers.  Apart  from  hypothetical  considerations,  no  d  priori 
nuon  can  be  shown  why  such  should  be  the  case :  it  is,  as  before  remarked, 
n  independent  law,  established  like  the  rest  by  experiment. 


A  curious  observation  was  very  early  made  to  this  effect :  —  If  two  neutral 
.  tmn  which  decompose  each  other  when  mixed,  bo  brought  in  contact,  the 
t  Bnreomponnds  resulting  from  their  mutual  decomposition  will  al«-'o  bf  ni;utral. 
I«  example,  when  solution  of  nitrate  of  baryta  and  sulphate  uf  potaxi'a  are 
tfagled,  they  both  suffer  decomposition,  sulphate  of  buryta  and  nitrate  of 
Missa  being  simultaneously  formed,  both  of  which  are  pf'rfr:<:t]y  neutral, 
na reason  of  this  will  be  at  once  evident;  interchanfre  of  elemcniM  ran  only 
Ua  place  by  the  displacement  of  equivalent  quantiticM  of  matter  on  i?ith*:r 
■iiL  For  every  64  parts  of  nitric  acid  set  free  by  the  (Jf^cornpo-  ition  of 
Iht  bsryta  salt,  47  parts  of  potassa  are  abandoned  by  the  40  ;iart>  of  ttui- 
fkarie  acid  with  which  they  were  previously  in  combination,  now  transferred 
tittle  baryta.  But  64  and  47  are  tiie  representatives  of  combining  qiiarji.'tjei! ; 
haee  the  new  compound  must  be  neutral. 

COMBINATION    BT  VOLUMK. 

Hany  years  ago  M.  Gay-Lussac  made  the  very  important  and  int<rr<'>.iirifr 
^aeorery  that  when  gases  combine  chemically  union  invariably  tak<:>,  {/!:(';<• 
atbCT between  equal  volumes,  or  between  voIur/jf-»  which  be:ir  a  ^iriip:*;  n.-.^ 
tiwi  to  each  other.  This  is  not  only  true  of  elementary  ^'.i*.*fy  hot  of  n'.ui\,u  nA 
^\Viof  this  description,  as  it  is  invariably  observn'J  i;,;a  th**  c'///»f :>'.». mj  '.i 
Mk  which  so  frequently  follows  combination  it<-.<;]f  al^-.o  b<:a/>.  a  >:iu\t  *:  ifu*i',ti 
^  the  volumes  of  the  combining  gases.  The  coni-e'^o «;/.';•:  of  Un^.  if.  fh;»t 
Mfepoand  gases  and  the  vapors  of  complex,  vo]atil<:  Jj'^ui'i>.  /wh.'.h  a/e  tiny 
Ptea  to  all  intents  and  purposes)  follow  the  fame  Ihw  a>  <.;er/i(:^tury  i,','i.t.z 
*^they  unite  with  these  latter  or  combirie  ttmuw^^  xUt:iu>»i\^K>. 

The  ultimate  reason  of  the  law  in  question  \*  to  be   four.'i  iu  t./<<-.  ytrty 

''■feaikable  relation  established  by  the  hand  of  .^:lture  between  ^u*  *.>,<*  X*. 

P^vity  of  a  body  in  the  gaseous  state  an^i  it>  cbe/ni':al  e'^uivaJen* ,     <&  /<  .u'f/r, 

''sach  a  kind  that  quantities  by  wei;;ht  of  the  varioo:-  fr^^ei-.  e/^/M  ».-'.|  ,,y 

^r  equivalents,  or  in  other  words  quantities   by  we.j^ht  wf-.Mi    ".u.',ik, 

•'cnpy  under  similar  circumstances  of  pre*s>ijf';  sin-i  tern//*:f:j»*f «  «.'.•.'  i  «',■>-; 

*Mames  or  volumes  bearing  a  simple   proportion   t/>   t-.tt.' u    '/':.'»       /•■    *».«. 

^■ple  cited  below,  equivalent  wejiehta  of  hvdrogen.  ^'J  r.i.t.: 

J^tor  occupy  equal  Tolumw.  '  '^•tf^Uj 

Nfthat 

//' 
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Col*} 

8-0  grains  of  oxygen  occupy  at  60°  (15<>*5C)  and  80  in.  Varom.        .  S8.I 

1  '0  grain  of  hydrogen 4M 

85*5  grains  of  chlorine 46bS 

127-0  grains  of  iodine-Tapor  (would  measure) 46*7 

If  both  the  specific  gravity  and  the  chemical  equiTalent  of  a  gas  be  knowB, 
its  equiyalont  or  combining  volume  can  be  easily  determined,  since  it  will  bi 
represented  by  the  number  of  times  the  weight  of  an  unit  of  Tolume  (tke 
specific  gravity)  is  contained  in  the  weight  of  one  chemical  equiTalent  of  tbt 
substance.  In  other  words,  the  equivalent  volume  is  found  by  dividing  tki 
chemical  equivalent  by  the  specific  gravity.  The  following  table  exhibits  tfai 
relations  of  specific  gravity,  equivalent  weight,  and  equivalent  volume  of  tin 
principal  elementary  substances: — 

Hydrogen 

Nitrogen 

Chlorine 

Bromine-vapor 

Iodine-vapor  . 

Carbon-vapor* 

Mercury-vapor 

Oxygen  . 

Phosphorus- vapor 

Arsenic-vapor 

Sulphur-vapor 

Thus  it  appears  that  hydrogen,  nitrogen,  chlorine,  bromine,  iodine,  eirbcit 
and  mercury,  in  the  gaseous  state,  have  the  same  equivalent  volume;  oxygti» 
phosphorus,  and  arsenic,  one-half  of  this ;  and  sulphur  one-sixth.  The  slight 
discrepancies  in  the  numbers  in  the  third  column  result  chiefly  from  erron  is 
the  determination  of  the  specific  gravities. 

Compound  bodies  exhibit  exactly  similar  results : — 


Sp.  gravity. 

Squiv.  weight 

Xqidv.  Tolnaa 

.       00693     . 

10     . 

.     14-48  or  1 

0-972       . 

140     . 

.     14-87"! 

2-470       . 

85-5     . 

.     14-88"! 

5-895 

800    . 

.     14-82  "  1 

8-716      . 

127-0    . 

.     14-57  "  1 

0-418       . 

6-0    . 

.     14-84  "  1 

7-000      . 

.     100-0    . 

.     14-29  "  1 

1-106      . 

8-0     . 

7-28  " 

4-850      . 

82-0    . 

7-86  "  i 

10-420      . 

750    . 

719  " 

6-654      . 

160    . 

2-40  " 

Water  vapor 

Protoxide  of  nitrogen  . 

Sulphuretted  hydrogen 

Sulphurous  acid  . 

Carbonic  oxide     . 

Carbonic  acid 

Light  carbonetted  hydrogen 

defiant  gas 

Binoxide  of  nitrogen    . 

Hydrochloric  acid 

Phosphoretted  hydrogen 

Ammonia     . 

Ether-vapor. 

Acetone-vapor      .         , 

Benzol-vapor 

Alcohol-vapor 


Sp.  gravity. 

0-625  , 

1  -525  . 

1171  , 

,  2210  , 
.     0973 

1  -524  . 

0-559  . 

0-981  , 

1  039  . 

1-269  , 

1-240  . 

0-589  . 

2-586  . 

2-022  . 
,     2-738 

1-613  . 


Equiv.  weight. 

.  9-0  . 

.  220  . 

.  17-0  . 

.  320  . 

.  14-0  . 

.  22-8  . 

.  8-0  . 

.  14-0  . 

.  300  . 

.  86-6  . 

.  85-0  . 

.  17-0  . 

.  37-0  . 

.  29-0  . 

.  78-0  . 

.  46-0  . 


Eqoiv.ToliW 

.  14-40  or  1 

.  14-48  "  1 

.  14-61  "  1 

.  14-62  « I 

.  14-89  «1 

.  14-48  "1 

.  14-81  "  1 

.  14-27  « 1 

.  28  87  "  » 

,  28-70  "2 

.  28-22  "  2 


28-86  " 
14-81  " 
14-84  " 
28-49  •* 
28-62  *• 


I 
1 


In  the  preceding  tables  the  ordinary  standard  of  specific  gravity  for  ga»®*» 
atmospheric  air,  has  been  taken.  It  is,  however,  a  matter  of  perfect  indiff*** 
ence  w:  at  substance  be  chosen  for  this  purpose ;  the  numbers  repreeeBti^^t 

*  See  £Burther  on. 
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iie  eombining  yolumes  will  change  with  the  divisor,  but  the  proportions  they 
>eftr  to  each  other  will  remain  unaltered.  And  the  same  remark  applies  to 
the  equivalent  weights ;  either  of  the  scales  in  use  may  be  taken,  provided 
thai  it  be  adhered  to  throughout. 

The  law  of  volumes  often  serves  in  practice  to  check  and  corroborate  the 
results  of  experimental  investigation,  and  is  often  of  great  service  in  Una 
respect. 

There  is  an  expression  sometimes  made  use  of  in  chemical  writings  which 
it  is  necessary  to  explain,  namely,  the  meaning  of  the  words  hypothetical 
im»ity  of  vapor,  applied  to  a  substance  which  has  never  been  volatilized,  such 
as  carbon,  whos6  real  specific  gravity  in  that  state  must  of  course  be  unknown. 
It  is  easy  to  understand  the  origin  of  this  term.  Carbonic  acid  contains  a 
folume  of  oxygen  equal  to  its  own ;  consequently,  if  the  specific  gravity  of 
the  latter  be  subtracted  from  that  of  the  former  gas,  the  residue  will  express 
the  proportion  borne  by  the  weight  of  the  carbon,  certainly  then  in  a  vaporous 
state,  to  that  of  the  two  gases. 

The  specific  gravity  of  carbonic  acid  is        .        .        .     1*6240 
That  of  oxygen  is 11057 


0-4183 


On  the  supposition  that  carbonic  acid  contains  equal  volumes  of  oxygen 
and  this  vapor  of  carbon,  condensed  to  one-half,  the  latter  will  have  the 
specific  gravity  represented  by  0*4183  and  the  combining  volume  given  in  the 
table.  But  this  is  merely  a  supposition,  a  guess;  no  proof  can  be  given  that 
carbonic  acid  gas  is  so  constituted.  All  that  can  be  safely  said  is  contained 
in  the  prediction,  that,  should  the  specific  gravity  of  the  vapor  of  carbon  ever 
be  determined,  it  will  be  found  to  coincide  with  this  number,  or  to  bear  some 
simple  and  obvious  relation  to  it. 

For  many  years  past  attempts  have  been  made  to  extend  to  solids  and  liquids 
the  results  of  Gay-Lussac*8  discovery  of  the  law  of  gaseous  combination  by 
volume,  the  combining  or  equivalent  volumes   of  the   bodies  in  question 
being  determined  by  the  method  pursued  in  the  casQ  of  gases,  namely,  by 
dividing  the  chemical  equivalent  by  the  specific  gravity.     The  numbers  ob- 
tained in  this  manner  representing  the  combining  volumes  of  the  various  solid 
tnd  liquid  elementary  substances,  present  far  more  cases  of  discrepancy  than 
of  agreement.     The  latter  are,  however,  sufficiently  numerous  to  excite  great 
interest  in  the  investigation.    Some  of  the  results  pointed  out  are  exceedingly 
curious  as  far  as  they  go,  but  are  not  as  yet  sufficient  to  justify  any  general 
conclusion.     The  inquiry  is  beset  with  many  great  difficulties,  chiefly  arising 
-from  the  unequal  expansion  of  solids  and  liquids  by  heat,  and  the  great 
Terences  of  physical  state,  and  consequently  of  specific  gravity,  often  pre- 
Bented  by  the  former. 

Such  is  a  brief  account  of  the  great  laws  by  which  chemical  combinations, 
of  every  kind,  are  governed  and  regulated ;  and  it  cannot  be  too  often  repeated, 
that  the  discovery  of  these  beautiful  laws  has  been  the  result  of  pure  experi- 
inental  inquiry.  They  have  been  established  on  this  firm  and  stable  founda- 
tion by  the  joint  labors  of  very  many  illustrious  men ;  they  are  the  expression 
^  &ct,  and  are  totally  independent  of  all  hypothesis  oc  theories  whatsoever. 

OHEMIOAL   notation;    SYMBOLS. 

For  convenience  in  communicating  ideas  respecting  the  composition  and 
npposed  constitution  of  chemical  compounds,  and  explaining  in  a  clear  and 
■unple  manner  the  results  of  changes  they  may  happen  to  undot^o,  T^Q^>axi» 
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is  had  to  a  kind  of  written  symbolical  language,  the  principle  of  whieh  mak 
now  be  explained.  To  represent  compounds  by  symbols  is  no  noTeltj,  as  tlie 
works  of  the  Alchemists  will  show,  but  these  have  been  mere  arbitrary  marks 
or  characters  invented  for  the  sake  of  brevity,  or  sometimes  perhaps  for  tkat 
of  obscurity. 

The  plan  about  to  be  described  is  due  to  Berzelius :  it  has  been  adopted, 
with  slight  modifications,  wherever  chemistry  is  pursued. 

Every  elementary  substance  is  designated  by  the  first  letter  of  its  Latia 
name,  in  capital,  or  by  the  first  letter  coijoined  with  a  second  small  one,  the 
most  characteristic  in  the  word,  as  the  names  of  many  bodies  begin  alika 
The  single  letter  is  usually  confined  to  the  earliest  discovered*  or  most  import 
ant  elements.  Farther,  by  a  most  ingenious  idea,  the  symbol  is  made  to  repre* 
sent  not  the  substance  in  the  abstract,  but  one  equivalent  of  that  eubetanee. 


Table  of  SymboU  of  the  Elementary  Bodiee, 


Aluminium 
Antimony  (Stibium) 
Arsenic    . 
Barium    . 
Beryllium 
Bismuth  . 


Boron 

Bromine  . 

Cadmium. 

Calcium  . 

Carbon     . 

Cerium     . 

Chlorine  . .       . 

Chromium 

Cobalt      . 

Copper  (Cuprum) 

Didymium 

Erbium    . 

Fluorine  . 

Gold  (Aurum)  . 

Hydrogen 

Iodine 

Iridium    . 

Iron  (Ferrum)  . 

Lantanum 

Lead  (Plumbum) 

Lithium   . 

Magnesium 

Manganese 

Mercury  (Hydrargyrim) 

Molybdenum    . 


Al 

Sb 

As 

Ba 

Be 

Bi 

Bo 

Br 

Cd 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

Dy 

Er 

F 

Au 

H 

I 

Ir 

Fe 

Ln 

Pb 

L 

Mg 

Mn 

Hg 
Mo 


Nickel  .         . 

Niobium 

Nitrogen 

Norium 

Osmium 

Oxygen 

Palladium    . 

Phosphorus  . 

Platinum 

Potassium  (Kalium) 

Rhodium 

Ruthenium   • 

Selenium 

Silicium 

Silver  (Argentum) 

Sodium  (Natrium) 

Strontium    . 

Sulphur 

Tantalum 

Tellurium     .         , 

Terbium 

Thorium 

Tin  (Stannum) 

Titanium 

Tungsten  (Wolframium) 

Vanadium    . 

Uranium 

Yttrium 

Zinc 

Zirconium    . 


Nl 
Nb 
N 
No 

08 

0 

Fd 

P 

Pt 

K 

B 

Ba 

8e 

Si  - 

Ag 

Na 

8r 

8 

Ta 

Te 

Tb 

Bi 

Sd 

Tl 

W 

V 

U 

T 

U 

Zr 


Combination  between  bodies  in  the  ratio  of  the  equivalents  is  expiessed  b5 
mere  juxtaposition  of  the  symbols,  or  sometimes  by  interposing  the  sign  of 
addition.     For  example : — 

Water .         .         .     HO,    or  H  +  0 
Hydrochloric  acid     HCl,  or  H  +  CI 
Protoxide  of  iron     FeO,  or  Fe  +  0 

When  more  than  one  equivalent  is  intended,  a  suitable  number  is  addo^ 
sometimes  being  placed  before  the  symbol,  like  a  coefficient  in  algebra,  soi»^ 


CHEMICAL    PHILOSOPHY.  201 

imes  appended  after  the  manner  of  an  exf  onent,  bat  more  commonly  placed 
i  little  below  on  the  right. 

Binoxide  of  hydrogen H+20,  or  H0«,  or  HO, 

Sulphuric  acid S+SO,  or  S0»,  or  SO, 

Hyposulphuric  acid 2S4-50,  or  SW,  op  SgO, 

Combination  between  bodies  themselves  compound  is  indicated  by  the  sign 
vt  addition,  or  by  a  comma.  When  both  are  used  in  the  same  formula,  the 
latter  may  be  yery  conveniently  applied,  as  Professor  Qraham  has  suggested, 
to  indicate  the  closest  and  most  intimate  union.  A  number  standing  before 
iymbols,  enclosed  within  a  bracket,  signifies  that  the  whole  of  the  latter  are 
to  be  multiplied  by  that  number.  Occasionally  the  bracket  is  omitted,  when 
Oie  number  affects  all  the  symbols  between  itself  and  the  next  sign.  A  few 
examples  will  serve  to  illustrate  these  several  points. 

Sulphate  of  soda NaO+SO,,  or  NaO,  SO, 

Nitrate  of  potassa. KO+NO5,  or  KO,  NOg 

The  base  being  always  placed  first. 

Double  sulphate  of  copper  and  potassa.     .    .     CnOjSOj-f-l^OjSO, 

The  same  in  a  crystallized  state CuO,S034-KO,SO,-4-6HO 

Common  crystallized  alum,  or  double  sulphate  of  alumina  and  potassa,  ia 
tiras  written :  —  • 

AlaO„  3S0,+K0,  SOs+24HO. 

In  expressing  organic  compounds,  where  three  or  more  elements  exist,  the 
time  plan  is  used. 


• 


Sugar C,2H„0,i 

Alcohol G4H,02 

Acetic  acid HO^C^  H,  0, 

Morphine G34H|9NOe 

Acetate  of  morphine C,4H,gN0e,  HO,  C^HjO, 

Acetate  of  soda NaO,  C4H3O5 

By  such  a  system,  the  eye  is  enabled  to  embrace  the  whole  at  a  glance,  and 
fSfAik  a  distinct  idea  of  tiie  composition  of  the  body,  and  its  relations  to  others 
"Warly  described. 

Some  antnors  are  in  the  habit  of  making  use  of  contractions,  which,  how* 
^^r,  are  by  no  means  generally  adopted.  Thus,  two  equivalents  of  a  sub- 
f^Qce  are  indicated  by  the  symbol  with  a  short  line  drawn  through  or  below 
1^;  an  equivalent  of  oxygen  is  signified  by  a  dot,  and  one  of  sulphur  by  a 
^mma.  These  alterations  are  sometimes  convenient  for  abbreviating  a  long 
fonaola,  bat  easily  liable  to  mistakes.     Thus, 

••• 
Sesquioxide  of  iron  F  0*,  or  j:0»,  or  Fe,  instead  of  Fe^ 


Bisulphide  of  Carbon  C,  instead  of  CSg 

•••  •••    •  •••         • 

Crystallized  alam  as  before  AI  S,,  E  S-f-24H. 
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THF    ATOMIC   THEORY. 

That  no  attempt  sbould  have  been  made  to  explain  the  renson  of  the  yery 
remarkable  manner  in  which  combination  occurs  in  the  production  of  ohemi- 
cal  compounds,  and  to  po'nt  out  the  nature  of  the  relations  between  the 
different  modifications  of  matter  which  fix  and  determine  these  peoalisr  aad 
definite  changes,  would  have  been  unlikely,  and  in  contradiction  to  the  Bpeea- 
lative  tendency  of  the  human  mind.  Such  an  attempt,  and  a  Terj  succeesfnl 
and  ingenious  one  it  is,  has  been  made,  namely,  the  atosiCj  hypothesis  of  Dr. 
Dalton. 

From  Tery  ancient  times,  the  questiop  of  the  constitution  of  maf ter  widi 
respect  to  diyisibility  has  been  debated  ;ome  adopting  the  opinion  that  this 
diyisibility  is  infinite,  and  others,  that  when  the  particles  become  reduced  to 
a  certain  degree  of  tenuity,  far  indeed  beyond  any  state  that  can  be  reached 
by  mechanical  means,  they  cease  to  be  farther  diminished  in  magnitude:  they 
become,  in  short,  aioma.^  Now.  however  the  imagination  may  succeed  in 
figuring  to  itself  the  condition  of  matter  on  either  view,  it  is  hardly  necessary 
to  mention  that  we  have  absolutely  no  means  at  our  disposal  for  deciding  endi 
a  question,  which  remains  at  the  present  day  in  the  same  state  as  when  it 
first  engaged  the  attention  of  the  Greek  philosophers,  or  perhaps  that  of  the 
sages  of  Egypt  and  Hindostan  long  before  them. 

Dr.  Dalton's  hypothesis  sets  out  by  assuming  the  existence  of  such  atonu 
or  indivisible  particles,  and  states,  that  compounds  are  formed  by  the  aoioo 
of  atoms  of  different  bodies  one  to  one,  one  to  two,  ^  The  compound  aton 
joins  itself  in  the  same  mann^  .  to  a  compound  atom  of  another  kind,  and  ft 
combination  of  the  second  order  results.  Let  it  be  granted,  farther,  that  the 
relative  weights  of  the  atoms  are  in  the  proportions  of  the  equivalent  Dam* 
bers,  and  the  hypothesis  becomes  capable  of  rendering  consistent  and  satis* 
factory  reasons  for  all  the  consequences  of  those  beautiful  laws  of  combina- 
tion lately  discussed. 

Chemical  compounds  must  always  be  definite ;  they  must  always  contain  tlie 
same  number  of  atoms,  of  the  same  kind,  arranged  in  a  similar  manner.  The 
same  kind  and  number  of  atoms  need  not,  however,  of  necessity  prodaoe  the 
same  substance,  for  they  may  be  differently  arranged ;  and  much  depends 
upon  this  circumstance. 

Again,  the  law  of  multiple  proportions  is  perfectly  well  explained ;  an  aton 
of  nitrogen  unites  with  one  of  oxygen  to  f  em  laughing  gas :  with  two,  to 
form  binoxide  of  nitrogen ;  with  three,  to  produce  nitrous  acid ;  with  fonr, 
hyponitric  acid ;  and  with  five,  nitric  acid,  —  perhaps  something  after  the 
manner  below  represented,  In  which  the  circle  with  a  cross  represents  tbft 
%tom  of  nitrogen,  and  the  piain  circle  that  of  oxygen. 

Fig.  131. 

FrotozMeof   Binoxide  of      NitrooB      Hyponitric  Nitrio 

nitrogen.        nitrogen.  acid.  acid.  add. 


eooeo^^ 


Two  atoms  of  one  substance  may  unite  themselves  with  three  or  evw  ^^ 
seven  of  another,  as  in  the  case  of  one  of  the  acids  of  manganese ;  but  sa^* 
onmbi nations  are  rare. 

*  "^Arottos,  that  which  cannot  be  cut. 
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Tlie  moae  in  which  bodies  replace,  or  may  be .  substituted  for,  each  other 
3  also  perfectly  intelligible,  as  a  little  consideration  will  show. 

Finally,  the  law  which  fixes  the  equivalent  of  a  compound  at  the  sum  ot 
he  equivalents  of  the  components,  receives  an  equally  satisfactory  explanation. 

The  difficulties  in  the  general  application  of  the  atomic  hypothesis  are 
shiefly  felt  in  attempting  tu  establish  some  wide  and  universal  relation  between 
combining  number  and  combining  volume,  among  gases  and  vapors,  and  in 
;he  case  of  the  highly-complex  products  of  organic  chemistry.  These  ob- 
iitacles  have  grown  up  in  comparatively  recent  times.  On  the  other  hand,  the 
remarkable  observations  of  the  specific  capacities  for  heat  of  equivalent 
quantities  of  the  solid  elementary  substances,  might  be  urged  in  favor  of  this 
>r  some  similar  molecular  hypothesis.  But  even  here  serious  discrepancies 
szist:  we  may  not  take  liberties  with  equivalent  numbers  determined  by 
3xact  chemical  research,  and,  in  addition,  a  simple  relation  is  generally 
round  to  be  wanting  between  the  capacity  for  heat  of  the  compound  and  (hftt 
»f  its  elements. 

The  theory  in  question  has  rendered  great  service  to  chemical  science ;  it 
lias  excited  a  vast  amount  of  inquiry  and  investigation,  which  have  contri- 
buted very  largely  to  define  and  fix  the  laws  of  combination  themselves.  In 
more  recent  days  it  is  not  impossible  that  without  some  such  hypothetical 
guide  the  exquisitely-beautiful  relations  which  Mitscherlich  and  others  have 
shown  to  exist  between  crystalline  form  and  chemical  composition,  might 
neyer  have  been  brought  to  light,  or,  at  any  rate,  their  discovery  might  have 
been  greatly  delayed.  At  the  same  time,  it  is  indispensable  to  draw  the 
broadest  possible  line  of  distinction  between  this,  which  is  at  the  best  but  a 
ipaceful,  ingenious,  and,  in  its  place,  useful  hypothesis,  and  those  great 
general  laws  of  chemical  action  which  are  the  pure  and  unmixed  result  of  in- 
dactive  research.^ 

Chemical  Affinity, 

The  term  chemical  affinity,  or  chemical  attraction,  has  been  invented  to  de- 
Wribe  that  particular  power  or  force,  in  virtue  of  which,  union,  often  of  a 
very  intimate  and  permanent  nature,  takes  place  between  two  or  more  bodies, 
m  such  a  way  as  to  give  rise  to  a  new  substance,  having,  for  the  most  part, 
properties  completely  in  discordance  with  those  of  its  components. 

The  attraction  thus  exerted  between  different  kinds  of  matter  is  to  be  dis- 
tingaished  from  other  modifications  of  attractive  force  which  are  exerted  in- 
discriminately between  all  descriptions  of  substances,  sometimes  at  enormous 
dist&Qces,  and  sometimes  at  intervals  quite  inappreciable.     Examples  of  the 
latter  are  to  be  seen  in  cases  of  what  is  called  cohesion,  when  the  particles  of 
Bolid  bodies  are  immovably  bound  together  into  a  mass.    Then  there  are  other 
effects  of,  if  possible,  a  still  more  obscure  kind :  such  as  the  various  actions 
of  surface,  the  adhesion  of  certain  liquids  to  glass,  the  repulsion  of  others, 
the  ascent  of  water  in  narrow  tubes,  and  a  multitude  of  curious  phenomena 
which  are  described  in  works  on  Natural  Philosophy,  under  the   head   of 
^oUtular  actions.     From  all  these  true  chemical  attraction  may  be  at  once 
tenguished  by  the  deep  and  complete  change  of  characters  which  follows 
*te  exertion :  we  might  define  affinity  to  be  a  force  by  which  new  substances 
^^  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each  other  in 
chemical  properties  evince  the  greatest  tendency  to  enter  into  combination, 
**^d,  conversely,  bodies  between  which  strong  analogies  and  resemblances  can 
w  traced,  manifest  a  much  smaller  amount  of  mutual  attraction.  For 
example,  hydrogen  and  the  metals  tend  very  strongly  indeed  to  combine  with 

The  expression  atomic  weight  ia  very  often  8ubstituted  for  that  of  equivalent  weight,  anil 
■^uibet,  in  almoft  «y««ry  case  to  be  understood  ^s  sa*  b :  it  is,  perhaps,  buUttt  e^NoV^vi^. 
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oxygen,  chlonne,  and  iodine.  The  attraction  between  the  different  membeif 
of  these  two  groups  is  incomparably  more  feeble.  Sulphur  and  phosphonu 
stand,  as  it  were,  midway:  they  combine  with  substances  of  one  and  tlit 
other  class,  their  properties  separating  them  sufQciently  from  both.  Aeidi 
are  drawn  towards  alkalis,  and  alkalis  towards  acids,  while  union  among 
themselves  rarely  if  ever  takes  place. 

Nevertheless,  chemical  combination  graduates  so  imperceptibly  into  men 
mechanical  mixture,  that  it  is  often  impossible  to  mark  the  limit.  Solution  ii 
the  result  of  a  weak  kind  of  affinity  existing  between  the  substance  dissdved 
and  the  solvent :  an  affinity  so  feeble  as  completely  to  lose  one  of  its  most  pro- 
minent features  when  in  a  more  exalted  condition,  namely,  power  of  eausiiig 
elevation  of  temperature,  for  in  the  act  of  mere  solution  the  temperature  ftOfi 
the  heat  of  combination  being  lost  and  overpowered  by  the  effects  of  ehapgt 
of  state. 

The  force  of  chemical  attraction  thus  varies  greatly  with  the  nature  of  thi 
substances  between  which  it  is  exerted ;  it  is  influenced,  moreover,  to  a  very 
large  extent  by  external  or  adventitious  circumstances.  An  idea  former^ 
prevailed  that  the  relations  of  affinity  were  fixed  and  constant  between  tbi 
same  substances,  and  great  pains  were  taken  in  the  preparation  of  tables  ex* 
hibiting  what  was  called  the  precedence  of  affinities.  The  order  pointed  ont 
In  tlieso  lists  is  now  acknowledged  to  represent  the  order  of  precedence /or  iAl 
eireunutanca  under  which  the  experiments  were  made,  but  nothing  more:  bo 
soon  as  these  circumstances  become  changed,  the  order  is  di:<torbed.  The 
ultimate  effect,  indeed,  is  not  the  result  of  the  exercise  of  one  single  force  bat 
rather  the  joint  effect  of  a  number,  so  complicated  and  so  variable  in  intensity, 
that  it  is  but  seldom  possible  to  predict  the  consequences  of  any  yet  untried 
experiment.  The  following  may  serve  as  examples  of  the  tables  alluded  to; 
the  first  illustrates  the  relative  affinities  of  a  number  of  bases  for  sulphuifl 
acid,  each  decomposing  the  combination  of  the  acid  with  the  base  below  it: 
thus  magnesia  decomposes  sulphate  of  ammonia ;  lime  displaces  the  acid  ftoa 
sulphate  of  magnesia,  &c.  The  salts  are  supposed  to  be  dissolved  in  water. 
The  second  table  exhibits  the  order  of  nffinity  for  oxygen  of  several  metai% 
mercury  reducing  a  solution  of  silver,  copper  one  of  mercury,  &c. 


Sulphuric  Acid. 
Baryta,  Lime, 

Strontia,  Magnesia, 

Putassa.  Ammonia, 

Soda. 


Oxygen.  ^ 

Zinc,  Mercury, 

Lead,  Silver, 

Copper. 


It  will  be  proper  to  examine  shortly  some  of  these  extraneous  cauflei  to 
which  allusion  has  been  made,  which  modify  to  so  great  an  extent  the  direct- 
and  original  effects  of  the  specific  attractive  force. 

Alteration  of  temperature  may  be  reckoned  among  these.  When  metalBo 
mercury  is  heated  nearly  to  its  boiling-point,  and  in  that  state  exposed  fori 
lengthened  period  to  the  air,  it  absorbs  oxygen,  and  becomes  converted  into  • 
dark-red  crystalline  powder.  This  very  same  substance,  when  raised  to  a  still 
higher  temperature,  spontaneonsly  separates  into  metallic  mercury  and  oiy 
gen  gas.  It  maj-  be  said,  and  probably  with  truth,  that  the  latter  change  is 
greatly  aided  by  the  tendency  of  the  metal  to  assume  the  vaporous  state;  but 
precisely  the  same  fact  is  observed  with  another  metal,  palladium,  which  iS 
not  volatile  at  all,  but  which  oxidizes  superficially  at  a  red-heat,  and  agaifl 
becomes  reduced  when  the  temperature  rises  to  whiteness. 

Insolubility  and  the  power  of  vaporization  are  perhaps,  beyond  all  other 
disturbing  causes,  the  most  potent;  they  interfere  in  almost  every  reactio* 
which  takes  place,  and  yery  frequently  turn  the  scale  when  the  oppOi^ed  force* 
io  not  greatly  differ  in  energy.     It  is  easy  to  give  examples.     When  aerf"" 
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Lon  of  lime  in  bjdrcK^lilciFic  acid  i^  mixed  with  a,  snlution  of  oarboDate  Qf  am- 
looia,  doublii  iiiterchiiDge  aoBues,  ciii'butmte  uf  lime  luid  liydi'uchlDrnM  of 
.mmonia  being  generated.  Here  Ibe  aeliun  cn,ii  be  ebunn  to  be  in  a  great 
(eiiBui'S  delLTiiiiiicd  by  the  iusolubilitj'  of  tlie  oarboniite  of  lime.  Aguia,  di7 
IHTboniiite  of  lime,  powdered  itnd  tailed  with  bydroclilornte  of  ammonia,  and 
be  wUule.  beated  lu  a  retort,  gives  il  anblimnte  of  carbonate  of  ammonia, 
Aile  ohlotide  of  caloiam  remitina  bebind.  In  tbis  iuslnnce,  it  is  no  doubt 
be  greitt  Tolntililj  of  the  new  ammouiaoal  suit  wliieb  ohieflj  delerroinea  tha 
dad  of  decomposition. 

When  iron  filings  are  heated  (o  redneaa  in  n  porcelain  tube,  and  vapor  of 
**t«r  poi^sod  over  them,  the  water  undergoes  decomposition  witli  the  utmuBt 
hoilit;,  hjdrogen  ia  T'ipidly  dittengiiged,  and  the  iron  converted  into  oxide. 
)a  tha  olber  band,  oxide  of  iron,  heated  in  a  lube  through  which  n  stream  of 
Iry  hjrdrogen  is  pnased,  suffers  almost  inslnntaneoua  reduction  la  the  metallic 
ll&te,  while  the  vapor  of  water,  carried  forward  bj^the  current  of  gas,  escapes 
w  A  jet  of  steam  from  the  extremity  of  the  tube.  In  these  eiperimeiits  the 
tffinities  between  the  iron  and  oxygen  and  the  hydrogen  and  oxygen  are  ao 
Marly  balanced,  Chat  the  difference  of  olMoipArre  is  sufficient  to  settle  Ibe 
point.  An  atmosphere  of  steam  offGrs  little  re!^it<tance  to  the  escape  of  hydro- 
gwt;  ot>e  of  bydrogen  bears  the  same  relation  to  st«am;  and  tbis  apparently 
trifling  differcuoe  of  oircuinHtanccs  ia  quite  enoogh  fur  the  purpose. 

The  decomposition  of  vapor  of  water  by  white-hot  plalinnoi,  pointed  out  by 
Ur.  Grave,  will  probdbly  be  referred  in  great  pHrl  to  tbis  Infiuence  of  atmo- 
■phere,  the  steam  offering  great  facilities  for  the  aasuraption  of  tlie  elaatio 
wnditiou  by  the  oxygen  itnd  hydrogen.  The  decomposition  ceases  as  soon  ae 
Quie  gases  amount  lo  about  ^^g  of  the  bulk  of  the  mixture,  and  onn  only  be 
mtowed  by  their  withdi'awal.  The  attraction  of  oxygen  for  hydrogen  ia  pro- 
WilJ  much  weakoned  by  the  very  high  temperature.  The  rooombiimiion  of 
Ike  gases  by  the  hen  ted  metal  is  rendered  ImposaiblB  by  their  state  of  dilution. 
What  is  called  the  nascent  state  ia  one  very  favorable  to  chemical  oombi- 
Mion.  Thus,  carbon  and  nitrogen  refuse  to  combine  with  gaseous  hydrogen  ; 
J(*»hen  these  substances  are  aim oltaneously  liberated  from  aome  previoDS 
ODmbinatioii,  they  unite  with  great  ease,  as  when  orgaitic  matters  are  destroyed 
bylii'at,  or  by  spontaneous  putrefactive  change.  There  ia  a  strange  and 
tilnordinary,  and  at  the  same  time  very  extensive  class  of  acliona,  grouped 
'ngelher  under  the  general  title  of  caaes  of  disposing  affinitjr.  The  preparation 
"I  hydrogen  from  lino  ond  sulphuric  acid  ia  one  of  the  most  familiar.  A 
I^  of  polished  line  or  iron,  put  into  pure  water,  manifests  no  power  of  de- 
Wopoaing  the  latter  to  the  smalleat  extent;  it  remains  perfectly  bright  for 
HTleng^  of  time.     On  the  addition,  however,  of  a  little  sulphuric  aeid, 

&^n  is  at  onoe  freely  disengaged,  and  the  metal  beoomea  oijdixed  and. 
led.  Now,  the  only  intelligible  function  of  the  acid  is  to  dissolve  off  the 
"lUe  IS  fast  ns  it  is  produced  ;  but  why  is  the  oxide  produced  when  aeid  ia 
Went,  and  not  otherwise  (  The  question  is  very  dillii:ult  to  anawer. 
QtMl  numbers  of  examples  of  this  curious  indirocl  action  might  be  adduced. 
'  ™«lric  silver  does  not  oxidize  st  ony  temperature ;  nay  more,  its  oxide  is 
(^ly  decomposed  by  simple  heatj  yet  if  the  finely-divided  metal  be  mixed 
*)ll  slioeoua  matter  and  alkali,  and  ignited,  the  whole  fuses  to  a  yellow  trr.ns- 
PVMt  glass  of  silicate  of  silver.  Platinum  ia  attacked  by  fused  hydrate  of 
WKn !  hydrogen  ia  probably  disengaged  while  the  metal  ia  oxidised  :  this  is 
*<■  Iffect  which  never  happens  to  silver  under  the  same  circumstances, 
Wloogh  silver  is  a  much  more  oxidable  substance  than  platinum.  The  fact 
>■■  SiM  polassB  forms  with  the  oxide  of  the  last-named  metal  a  kind  of  saline 
°^tniuiiion,  in  which  the  oxide  of  platinum  acts  as  an  acid ;  jind  h 
iWUHion  under  the  ditpuiiig  inflnenoe  of  the  powerful  base. 
■*  the  retuarkablo  decompositioda  suffered  by  various  organic  bodtea  ■w^vWi. 
■■■  "0  alltali  or  lime,  we  have  oUiev  exn-tov^ea  ol  -Ca* 
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Bame  fact.  Products  are  generated  which  are  never  formed  in  the  ahseneo  ^ 
the  base;  the  reaction  is  invariably  less  complicated,  and  its  results  fewer  ^ 
number  and  more  definite,  than  in  the  event  of  simple  destruction  bj  a  gi^ 
duated  heat.  The  preparation  of  light  carbonetted  hydrogen  by  the  artifici* 
process,  already  described,  is  an  excellent  example. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  in  -which  effects  vf^ 
brought  about  by  the  mere  presence  of  a  substance,  which  itself  undergoes  0^ 
change  whatever:  the  experiment  mentioned  in  the  article  on  oxygen,  iH 
-which  that  gas  is  obtained,  with  the  greatest  facility,  by'heating  a  mixture  t^ 
chlorate  of  potassa  and  binoxide  of  manganese,  is  an  excellent  case  in  poiiit. 
The  salt  is  decomposed  at  a  very  far  lower  temperature  than  wx>uld  otherwiM 
be  required.  The  oxide  of  manganese,  however,  is  not  in  the  slightest  dtgm 
altered ;  it  is  found,  after  the  experiment,  in  the  same  state  as  before.  Ili 
name  katalysis  is  sometimes  given  to  these  peculiar  actions  of  contact:  flip 
expression  is  not  significant,  and  may  be  for  that  reason  the  more  admissQil^ 
as  it  suggests  no  explanation. 

It  is  proper  to  remark  that  the  contact  decomposifions  alluded  to  are 
times  mixed  up  with  other  effects,  which  are,  in  reality,  much  more  int 
gible,  as  the  action  of  finely-divided  platinum  upon  certain  gaseous  mizi 
in  whioli  the  solid  really  seems  to  have  the  power  of  condensing  the  gas 
its  greatly-extended  surface,  and  thereby  inducing  combination  by  brii 
fch«  particles  within  the  sphere  of  their  mutual  attractions. 
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rEO-CHEMICAL  DECOMPOSITION;   CHEMISTRY  OF  THE 

VOLTAIC  PILE. 


k  Toltaic  cmrent  of  considerable  power  is  made  to  traverse  rarioui 
;  liquids,  a  separation  of  the  elements  of  these  liquids  ensues;  pro- 
:  the  liqiiid  be  capable  of  conducting  a  current  of  a  certain  degree 

its  decomposition  almost  always  follows. 

ments  are  disengaged  solely  at  the  limiting  surfaces  of  the  liquid ; 
Knrding  to  the  common  mode  of  speech,  the  current  enters  and  leaves 
,  an  the  intermediate  portions  appearing  perfectly  quiescent.  In 
the  elements  are  not  separated  indifferently  and  at  random  at  these 
368 ;  but,  on  the  contrary,  make  their  appearance  with  perfect  uni- 
id  constancy  at  one  or  the  other,  according  to  their  chemical  ehar- 
unely,  oxygen,  chlorine,  iodine,  acids,  &c.,  at  the  surface  con- 
th  the  copper  or  positive  end  of  the  battery;  hydrogen,  the  metals, 
e  surface  in  connection  with  the  zinc  or  negative  extremity  of  the 
ent. 
rminations  of  the  battery  itself,  usually,  but  by  no  means  neces- 

metal,  are  designated  poles  or  electrodes,^  as  by  their  intervention 

to  be  experimented  on  is  made  a  part  of  the  circuit.     The  process 
>osition  by  the  current  is  called  electrolysis^'^  and  the  liquids,  which, 
B  treated,  yield  up  their  elements,  are  denominated  electrolytes. 
,  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to  which  a 

of  oil  of  vitriol  have  been  added,  and  the  plates  connected  by  wires 
extremities  of  an  active  battery,  oxygen  is  disengaged  at  the  poHi- 
rode,  and  hydrogen  at  the  negative,  in  the  proportion  of  one  mea- 
he  former  to  two  of  the  latter  nearly.  This  experiment  has  before 
ribed.» 

ion  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue  (indigo),  and 
I  the  same  manner,  yields  hydrogen  on  the  negative  side  and  chlorine 
sitive,  the  indigo  there  becoming  bleached. 

of  potassium  dissolved  in  water  is  decomposed  in  a  similar  manner, 
still  greater  ease ;  the  free  iodine  at  the  positive  side  can  b<i  recog- 
Lts  brown  color,  or  by  the  addition  of  a  little  gelatinouH  starch, 
iquid  is  not  an  electrolyte ;  many  refuse  to  conduct,  and  no  decom- 
utn  then  occur;  alcohol,  ether,  numerous  cKsential  oiltr,  and  othtir 
of  organic  chemistry,  besides  a  few  saline  inorganic  conipoundH,  act 
umer,  and  completely  arrest  the  current  of  a  powerful  battery,  Jt 
curious  fact,  and  well  deserves  attention,  that  nearly,  if  not  all  tho 
s  acknowledged  to  be  susceptible  of  electrolytic  dec^mjp^/Kition  belong 
88;  they  are  all  binary  compounds,  containing  single  equival«7ritii 
omponenta,  the  latter  being  strongly  opposed  to  ea';h  other  in  iUtfir 
relations,  and  held  together  by  Yery  powerful  affiniti<;s. 

the  mobt  important  and  indispennable  conditioriM  of  alHeirfAynU  U 
bodies  which  when  reduced  to  the  liquid  condition  fr*i^\y  tytuti»mU 

*  From  %kucT0O9'  »«««  'ilfc  a  w«jr. 
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Bame  fact.  Products  are  generated  which  are  never  formed  in  the  absence  oi 
the  base ;  the  reaction  is  invariably  less  complicated,  and  its  results  fewer  i* 
number  and  more  definite,  than  in  the  event  of  simple  destruction  byRg*** 
duated  heat.  The  preparation  of  light  carbonetted  hydrogen  by  the  artifici** 
process,  already  described,  is  an  excellent  example. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  in  which  effects  ar* 
brought  about  by  the  mere  presence  of  a  substance,  which  itself  undergoes  oO 
change  whatever:  the  experiment  mentioned  in  the  article  on  oxygen,  !tt 
which  that  gas  is  obtained,  with  the  greatest  facility,  by  heating  a  mixture  of 
chlorate  of  potassa  and  binoxide  of  manganese,  is  an  excellent  case  in  point. 
The  salt  is  decomposed  at  a  very  far  lower  temperature  than  wx>uld  otherwise 
be  required.  The  oxide  of  manganese,  however,  is  not  in  the  slightest  degree 
altered ;  it  is  found,  after  the  experiment,  in  the  same  state  as  before.  Tfef 
name  katalysia  is  sometimes  given  to  these  peculiar  actions  of  contact:  iljp 
expression  is  not  significant,  and  may  be  for  that  reason  the  more  adinissilii||p 
as  it  suggests  no  explanation. 

It  is  proper  to  remark  that  the  contact  decompositions  alluded  to  are  BOMr 
times  mixed  up  with  other  effects,  which  are,  in  reality,  much  more  ioteI% ; 
gible,  as  the  action  of  finely-divided  platinum  upon  certain  gaseous  mixtiira| 
in  whicli  the  solid  really  seems  to  have  the  power  of  condensing  the  gas  iM 
it8  greatly-extended  surface,  and  thereby  inducing  combination  by  briB|pEt 
the  particles  within  the  sphere  of  their  mutual  attractions. 
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ilCTRO-CHEMICAL  DECOMPOSITION;   CHEMISTRY  OF  THE 

VOLTAIC  PILE. 


:bn  a  voltaic  current  of  considerable  power  is  made  to  traverse  various 
ound  liquids,  a  separation  of  the  elements  of  these  liquids  ensues ;  pro- 
that  the  liquid  be  capable  of  conducting  a  current  of  a  certain  degree 
jrgy,  its  decomposition  almost  always  follows. 

3  elements  are  disengaged  solely  at  the  limiting  surfaces  of  the  liquid ; 
i,  according  to  the  common  mode  of  speech,  the  current  enters  and  leaves 
liter,  all  the  intermediate  portions  appearing  perfectly  quiescent.  In 
ion,  the  elements  are  not  separated  indifferently  and  at  random  kt  these 
arfaces ;  but,  on  the  contrary,  make  their  appearance  with  perfect  uni- 
ty and  constancy  at  one  or  the  other,  according  to  their  chemical  ehar- 
—  namely,  oxygen,  chlorine,  iodine,  acids,  &c.,  at  the  surface  con- 
d  with  the  copper  or  positive  end  of  the  battery;  hydrogen,  the  metals, 
it  the  surface  in  connection  with  the  zinc  or  negative  extremity  of  the  ,. 
gement. 

e  terminations  of  the  battery  itself,  usually,  but  by  no  means  neces- 
r,  of  metal,  are  designated  poles  or  electrodes,^  as  by  their  intervention 
quid  to  be  experimented  on  is  made  a  part  of  the  circuit.  The  process 
composition  by  the  current  is  called  electrolysis t^  and  the  liquids,  which, 
t  thus  treated,  yield  up  their  elements,  are  denominated  electrolytes, 
len  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to  which  a 
Irops  of  oil  of  vitriol  have  been  added,  and  the  plates  connected  by  wires 
the  extremities  of  an  active  battery,  oxygen  is  disengaged  at  the  posi- 
electrode,  and  hydrogen  at  the  negative,  in  the  proportion  of  one  mea- 
of  the  former  to  two  of  the  latter  nearly.  This  experiment  has  before 
described.* 

solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue  (indigo),  and 
ted  in  the  same  manner,  yields  hydrogen  on  the  negative  side  and  chlorine 
ie  positive,  the  indigo  there  becoming  bleached. 

dide  of  potassium  dissolved  in  water  is  decomposed  in  a  similar  manner, 
with  still  greater  ease ;  the  free  iodine  at  the  positive  side  can  be  recog- 
i  by  its  brown  color,  or  by  the  addition  of  a  little  gelatinous  starch, 
^ery  liquid  is  not  an  electrolyte ;  many  refuse  to  conduct,  and  no  decom- 
tioQ  can  then  occur;  alcohol,  ether,  numerous  essential  oils*,  and  other 
iucts  of  organic  chemistry,  besides  a  few  saline  inorganic  compounds,  act 
tiis  manner,  and  completely  arrest  the  current  of  a  powerful  battery.  It 
very  curious  fact,  and  well  deserves  attention,  that  nearly,  if  not  all  the 
stances  acknowledged  to  be  susceptible  of  electrolytic  decomposition  belong 
ne  class ;  they  are  all  binary  compounds,  containing  single  equivalents 
heir  components,  the  latter  being  strongly  opposed  to  each  other  in  their 
tiaical  relations,  and  held  together  by  very  powerful  affinities, 
^ne  of  the  most  important  and  indispensable  conditions  of  electrolysis  is 
^ty:  bodies  which  when  reduced  to  the  liquid  condition  freely  conduct. 


*  From  f^XsKTpov,  and  53^,  a  way. 

*  From  ^XsKrpovf  and  Xiia,  I  loose. 
■  Page  132. 
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uid  u  frwlj  suffer  decomposition,  become  absolute  InEulntors  to  thi 
"  '  iitj  of  the  biiHery  when  Ihpj  beconiB  siilid.     Chloride  of  lead  uffew     _ 
...  .i^lrntion  of  this  fiict;  wbvti  fuHed  in  n  litlle  porvelnin  crtirible  it  ^yt»t 
ill  elenicnla  with  the  utmost  ta.se.  and  n  Enlvnnotncler,  itilvrposeil  immirt' 
In  the  circait,  is  Etrantcl;  kffccled.      Vut  when   the  boutM  of  hcitt  1b  vi 
(iniini,  and  \3ie  salt  suffered  to  «alidiry,  all  mf:aii  of  dccumpoGition  ocaac, ' 
ftl  the  Mine  moment  the  mugnvtia  neeille  reassnnies  its  nnlninl  positiM. 
tbe  Mme  m&naer  the  thinncift  film  of  ice  uompletelf  nrreets  tlie  oomnl 
povarful  Toltaia  apparatus ;  (lie  iustant  the  ioe  is  1ii|u^ed  at  any  ona  ptia 
UiHl  water  coinunioattoa  is  reBlored  between  the  eleelrcideB, the  currently 
pasesH,  and  dccompoBition  occnrs.     Fusion  by  beat,  and  solution  in  aqoet 
litliiids,  answer  the  pnvpoae  cqniilly  welL 

Geitemllj-  spenfcing,  oompnaiid  fluids  cniinot  conduct  t)ie  elMtria 
without  being  decomposed ;  but  still  there  are  n  fen  exceptions  to  tbi 
meiiC,  which  perhaps  are  more  apparent  Ihnn  real.  Thus  lljttorf  baa 
that  fluid  sulphide  of  eilTer.  which  was  formerly  considered  to  be  ooe 
exceptions,  cannot  be  considered  to  be  so,  and  Beeti  bHS  since  pro 
samo  lo  be  the  case  as  regards  iodide  of  mercury  nnd  Sauride  of  lead. 

The  quantity  of  any  given  compound  liquid  wliich  can  be  decompoied 
any  {tiven  electric  hnttery  depends  on  the  resistance  of  tha  fluid  ;  the  ~" 
resislaiice  the  less  decomposition.  Distilled  water  hns  only  a  smalt  pal  __ 
eondnotion.  and  is  therefore  only  slightly  decomposed  by  a  battfry  of  30  to 
pairs;  whilst  diluted  sulphuric  ncid  is  one  of  the  best  of  fluid  condnctors, 
ondergoei!  rapid  decompositioD  by  a  smalt  buttery. 

When  a  fluid,  which  can  be  decomposed,  and  a  galTnnometer  nre  inchid 
in  the  circuit  of  an  electric  current,  if  the  needle  of  the  galianom  ' 
defleeted,  it  may  be  always  assumed  as  oerCain  that  a  portioD  of  fluid, 
a  proportion  to  the  strength  of  tho  cniTcnt,  is  decomposed,  notwithstandlal 
may  be  impos^bte  in  mnny  cnses,  without  special  contrivDncea,  to  detect 
products  of  the  deeom position,  on  ucconnt  of  their  minuteness. 

The  metallic  termintvlions  of  (be  battery,  the  poles  or  elec(rodea,  Hw 
themseWes.  nothing  in  the  shape  of  attractive  or  repnlsite  power  fbr  tbe 
meats  so  often  separated  at  their  surfaces.  Finely-divided  metal 
in  water,  or  chlorine  held  in  solution  in  that  liquid,  shows  not  me  t 
symptom  of  a  tendency  to  accumulate  around  them  ;  a  single  element  it 
gether  unaffected,  directly  at  least ;  separation  from  previous  combiuatioa 
reqnired,  in  order  that  this  appearance  should  be  eihibited. 

It  is  necessary  to  examine  the  process  of  electrolysis  a  Httti         _     .  . 
When  a  portion  of  water,  for  example,  is  subjected  to  deeom position  iS 
glass  Tessei  with  parallel  sides,  oxygen  is  disengaged  at  the  positive 
tmde,  and  hydrogen  nt  the  negative;  tho  gases  are  perfectly  pure 
miiod.     If,   while  the  decomposition  is  rapidly  proceeding,  tin    ' 

water  be  examined  by  a  heum  of  light,  or  by  other  means,  not .^ 

disturbance  or  movement  of  any  liind  will  be  perceived;  nclliing  like 

rents  in  the  liquid  or  bodily  transfer  of  gas  from  one  part  to  ano  ' 

detected :  nnd  yet  two  portions  of  water,  separated  perhaps  by 

of  four  or  five  inches,  may  be  respectively  evolving  pure  oxygen  and  pu 

hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all  sinill 
cases  of  regular  electrolytic  decomposition;  this  is  by  assuming  that  aSIl 
particles  of  water  between  the  electrodes,  and  hy  which  the  current  is  r~ 
vejed.  simultaneously  suffer  decomposition,  the  hydrogen  travelling  Is 
direotion,_  and  the  oxygen  in  the  olher.  The  neighboring  elements,  A 
brought  into  close  proximity,  unite  and  reproduce  water,  again  destinad 
be  decomposed  by  a  repetition  of  the  same  change.  In  this  manner  eicll  p* 
ticle  of  hydrogen  may  bo  made  to  triivel  iu  one  direction,  by  becoming  (I 
Mssively  united  bt  each  particle  of  oxygen  between  itself  and  tbe  n^lll* 
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electrode ;  when  it  reaches  the  latter,  finding  no  disengaged  particle  of  oxy- 
gen for  its  reception,  it  is  rejected,  as  it  were  from  the  series,  and  thrown  off 
in  a  separate  state.  The  same  thing  happens  to  each  particle  of  oxygen, 
which  at  the  same,  time  passes  continually  in  the  opposite  direction,  by  com- 
bining successively  with  each  particle  of  hydrogen  that  moment  separated, 
with  which  it  meets,  until  at  length  it  arrives  at  the  positive  plate  or  wire, 
and  is  disengaged.  A  succession  of  particles  of  hydrogen  are  thus  continu- 
ally thrown  off  from  the  decomposing  mass  at  one  extremity,  and  a  corre- 
sponding succession  of  particles  of  oxygen  at  the  other.  The  power  of  the 
current  is  exerted  with  equal  energy  in  every  part  of  the  liquid  conductor, 
though  its  effects  only  become  manifest  at  the  very  extremities.  The  actipn  is 
one  of  a  purely  molecular  or  Internal  nature,  and  the  metallic  terminations 
of  the  battery  merely  serve  the  purpose  of  completing  the  connection  between 
the  latter  and  the  liquid  to  be  decomposed.  The  figures  132  and  183  are 
intended  to  assist  the  imagination  of  the  reader,  who  must  at  the  same  time 
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Water  in  its  usual  state. 


Water  undergoing  electrolysis. 


avoid  regarding  them  in  any  other  light  than  that  of  a  somewhat  figurative  mode 
of  representing  the  curious  phenomena  described.  The  circles  are  intended 
to  indicate  the  elements,  and  are  distinguished  by  their  respective  symbols. 

Like  water,  all  electrolytes  when  acted  on  by  electricity  are  split  into  two 
constituents,  which  pass  in  opposite  directions.  The  one  class  of  substances, 
\ike  oxygen,  chlorine,  &c.,  are  evolved  at  the  positive  electrode ;  the  other 
class,  like  hydrogen  and  the  metals,  at  the  negative  electrode. 

It  is  of  importance  to  remark  that  the  oxygen  salts  when  acted  on  by  the 
enrreht  do  not  divide  into  oxide  and  acid,  but,  as  Daniell  and  Miller  proved, 
into  metal  and  a  compound  substance,  or  group  of  elements,  which  is  trans- 
ferred in  such  a  state  of  association  that,  as  regards  its  electrical  behavior, 
it  represents  an  element      Thus  sulphate  of  copper  splits  into  metallic  copper 
and  a  group  of  elements  consisting  of  one  equivalent  of  sulphur  and  four 
equivalents  of  oxygen.     Ilydrated  sulphuric  acid  divides  into  the  same  com- 
poand  group  and  hydrogen.     In  a  similar  way,  also,  the  part  of  the  electro- 
lyte that  passes  to  the  negative  pole  may  consist  of  a  group  of  elements.     A 
solution  of  sal  ammoniac  furnishes  a  beautiful  instance  of  this  fact,  since  it  is 
decomposed  by  the  current  in  such  a  manner  that  the  ammonium  goes  to  the 
negative,  and  the  chlorine  to  the  positive  pole. 

A  distinction  is  to  be  carefully  drawn  between  true  and  regular  electro- 
lysis, and  what  is  called  secondary  decomposition,  brought  about  by  the  reac- 
tion of  the  bodies  so  eliminated  upon  the  surrounding  fluid,  or  upon  the  sub- 
stance of  the  electrodes ;  hence  the  advantage  of  platinum  for  the  latter  pur- 
pose when  electrolytic  actions  are  to  be  studied  in  their  greatest  simplicity, 
"Wit  metal  being  scarcely  attacked  by  any  ordinary  agents.  When,  for  ex- 
J^P^e,  a  solution  of  nitrate  or  acetate  of  lead  is  decomposed  by  the  current 
^^een  platinum  plates,  metallic  lead  is  deposited  at  the  negative  side,  and  a 
'^fown  powder,  binoxide  of  lead,  at  the  positive :  the  latter  substance  is  the 
Jjsolt  of  a  secondary  action ;  it  proceeds,  in  fact,  from  the  nascent  oxygen  at 
the  moment  of  its  liberation  reacting  upon  the  protoxide  of  lead  present  in 
jJJ  salt,  and  converting  it  into  binoxide,  which  is  insoluble  in  the  dilute  acid, 
"hen  nitric  acid  is  decomposed  no  hydrogen  appears  at  the  lieg^Xi^^  ^^^\xq^^ 
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use  of  the  acid,  which  is  rednced  to  nitr 

M  ia  eliN:tralyied,  hyitrogen  appeani  it 
na  eqiiiTnlenl  rjualiTily  of  potsssa,  bee* 
t  the  elecCrcHle  immediately  decompoan 


beoaee  it  is  oxidiiett  xi  the  ei| 

Uld  itM.     It  eulpliitte  of  potn 

.    Bagatiie  electrode,  together  wit 

L  Ae  pDineeiiim  which  is  sTalved 

'liat  ie  presont. 

Dulober  of  different  electralyten,  sncb  nK  acidulnled  water,  BDlphitsi 
I  Vopper,  iodide  of  polaasium,  fused  cbloride  of  liad.  &c.,  be  arranged  is< 
I  terioa,  and  the  same  current  be  made  to  troYerae  the  Kbole,  all  will  ta" 
I  4eoDinpnBition  at  tbe  same  time,  bat  by  no  nienilH  to  the  surne  RmoDDl. 
ArmngemeiilB  be  made  bj  which  Ibe  qimntiiieH  of  the  eliniinated  elemenli 
■  be  ucmimtely  ascerlained,  it  will  bo  found,  when  the  dcoomposiljon  b»s  | 
^  'deeded  lo  KOine  eilent,  that  these  latter  will  have  beeD  disengaged  eiactl; 

i  of  Iki  ekimical  tfuivalrnli.     Tbe  Bnme  current  which  dec 

I    p*rt«  of  water  will  separate  into  their  elements  16U  parts  of  iodidi  of 

I   nun,  I39'i  parts  of  obloride  of  lend,  &c.     Bence  the  ler;  important  c 

[   rion:  —  The  action  of  tbe  current  is  perfectly  definite  in  its  □I'tDre,  prodi 

ft  Eied  and  conelant  amount  of  decomposition,  expreioed  id  each  elect 

by  the  Talue  of  its  ohetnicnl  ecjuiviilent. 

From  a  Tery  extended  series  of  eipcrimenia,  based  on  thia  and  other awt 
of  resaaroh,  Mr.  Faraday  was  enabled  to  drnw  the  general  inferenee 
effeols  of  ehemioni  deoompoBition  were  always  proportionate  to  the  qui 
of  circulating  elcolricily,  mid  might  be  taken  ea  an  aeournle  and  trosnrc 
Tiieasnre  of  the  latter.  Goided  by  this  1^ 
^>e- 1^  important  principle,  be  Donstrncted  hiSfsAa* 

nil  iiistrament  which  has  rendered  th«  pm 
e  to  electricnl  science.     This  is  nerfl 


t  by  which 


little 


quantity  of  electric  force  necessary 
liny  given  effect  can  be  at  once  estimated;  W,  lA 
the  Dtber  bond,  any  required  amount  of  llie  lat- 
ter can  bp,  as  it  were,  measured  out  and  adjnatei 
to  tbe  object  in  yiew.  The  Toltameter  bat  n-  \ 
ceiTed  many  different  forms;  one  of  I 
extensively  ufeful  is  that  figured,  in  w 
platinum  plates  are  separated  by  a  Tsry 
terval,  and  Ibe  gas  is  collected  in  a  gmdnatef  j 
Etanding  on  the  shelf  of  tbe  pneumatic  trough,  (he  tube  of  tbe  ins 
which  ia  filled  to  the  oeck  with  dilute  sulphuric  acid,  being  passed 

The  decomposition  of  the  voltaic  battery  can  be  effected  by  the  elect 
of  the  common  machine,  by  that  developed  by  magnetic  action,  and  h; 
of  animal  origin,  but  to  an  extent  iticompnrably  more  aiinule.     This  i" 
from  the  very  small  gaanlilg  of  electricity  set  in  motion  by  the  nac 
although   its   Itmion,  that   is,  power  of  overcoming   obstacle!,  and 
through  imperfect  conductors,  ia  eiceedingly  great.     A  pair  of  ama 
of  zinc  and  platinum,  dipping  into  a  single  drop  of  dilute  acid,  dcrelop 
more  electricity,  to  judge  from  Ibe  cbemical  effects  of  such  an  armngeDK 
I  than  very  many  turns  of  a  large  plate  electrical  machine  in  powerful  t"^ 
\  Nevertheless,  polar  or  electrolytic  decomposition  can  be  distinctly  ind 
lictorily  effected  by  the  latter,  although  on  a  minute  scale. 

With  a  knowledge  of  the  principles  laid  down,  the  study  of  the  volUlc 
I  tery  may  be  reBiimed  and  completed.  In  the  first  place,  two  very  difc 
I  llews  have  been  bcid  concci'Diog  Ibe  source  of  tbe  electrical  disturbaim 
■jtiiat  apparatus.     Tolta   himself  ascribed 
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.0  vbat  vaa  i3enaminated  an  iltelra-moliirt  forse,  onlled  into  bidng  bf 
jict;  the  liquid  merely  seriing  Ihe  purpOEe  of  a.  coniinetor  between 
at  metiils  aad  tbat  Buccoediug.  Pruof  wa9  suppnaed  to  be  given  of 
imentSirpusiliua  l>j  aa  experiment  in  which  discs  ot  linc  and  copper 

to  iii£u!»ting  bandlas,  nfter  being  brought  into  close  contact,  irera 
'  the  uid  of  a  Tery  delioste  gold-leaf  elHctroeoope,  to  be  in  opposite   ^ 

atAteB.  It  sppeara.  howeTer,  tbst  the  more  cnrefallj  this  experi- 
lade,  the  aniBlter  is  the  effect  abaerved ;  and  hence  it  is  judged  highly 

Ihnt  the  wbolo  maj  be  due  to  iLccidenml  causes,  agaiust  Which  it '~ 
ipoasible  to  guard. 

other  hand,  the  obaerration  wna  aoon  made  Ihat  the  power  of  tbf    | 
tlwuys  bore  aome  kind  of  proportion  to  the  chemical  action   apm 
;  tbnt,  for  instance,  when  pure  water  was  used  llie  effect  was  ex.-    , 
'eehle ;  nith  a  aolutiuu  of  salt,  it  becamo  muub  greater ;  and,  laatlj, 
ite   acid,  greatest  of  allj   so  tbat  some  relation   eTidenCl;  exiated   I 

the  chemical  effect  upon  the  metal  and  the  ciolution  of  electriool    , 

■perimeiila  of  Mr.  Faraday  and  Frofcasor  Daniel)  have  given  verj 
iport  to  the  chemical  Ihcory,  b;  showing  that  the  contact  of  diaEirai- 
s  is  noi  neceeSHrj  in  order  to  call  into  being  powerful  electrical  car- 
d  that  the  deielopment  of  electrioal  force  is  not  only  in  some  way 
d  with  the  chemical  action  of  the  liquid  of  the  battery,  but  that  it  U 
1  direoC  proportion  to  the  latter.  One  very  beautifnl  experiment,  in 
oomposilion  of  iodide  of  potassium  by  real  electrolyais  ia  performed 
rent  generated  without  any  oontoet  of  diasiniilar  melala,  can  be  thoa 
-A  plate  of  zinc  ia  bent  at  a  right  angle,  and  clenned 
ng  with  Band-paper.     A  plate  of  platinum  has  a  wire  "'  "' 

tme  melal  attached  Co  it  by  careful  riveting,  and  the 
lut  into  an  arch.  A  piece  of  folded  filter-paper  ia 
ith  solution  of  iodide  of  potassium,  and  placed  upon 
.  the  platinum  plate  ia  arranged  oppoaite  to  the  latter, 
end  of  its  wire  resting  upon  Ihe  paper,  and  (hen  the 
iged  into  a  glasa  of  dilute  sulphuric  acid,  mixed  with 
jpa  of  nitric,  A  brown  spot  of  iodine  becomes  in  a 
evident  benentb  the  extremity  of  tUe  platinum  wire; 
it  the  positive  aide  of  the  arrangement, 
ng  argument  in  favor  of  the  chemical  view  ia  founded 
aaily-proved  fact,  that  the  direction  of  the  current  is 
sd  by  the  kind  of  action  upon  the  metals,  the  one 
leked  being  always  positive.  Let  two  polished  plates, 
iron  and  the  other  copper,  be  connected  by  wirea  with  a  galvanometer, 
a  immersed  in  a  solution  of  an  alkoline  sulphide.  The  needle  in  a 
indioatfs  a  powerful  current,  passing  from  the  copper  through  the 
]  the  iron,  and  back  again  through  the  wire.  Let  ihe  plates  be  now 
,  oleaued,  and  plunged  into  dilute  acid :  the  needle  is  again  dri 
III  in  the  opposite  direction,  the  current  now  passing  from  the  ir 
the  liquid,  to  Ihe  copper.  In  the  first  instance  tbe  copper  ia  acted.  I 
id  not  the  iron ;  in  the  second,  these  oonditjons  are  reversed,  and  with  | 
)  direction  of  tbe  current. 

lietals  employed  in  the  practical  conslmotioa  of  vollaic  batteries  a 
the  active  metal,  and  copper,  silver,  or,  alill  better,  platinum,  for  tl 
one:  the  greater  the  difference  of  oxidability,  the  belter  the  arrange-. I 
The  liquid  is  either  dilute  sulphuric  acid,  sometimes  miic  '     "' 

salt  and  water.  To  obtain  the  mazimuni  effect  of  the  appan 
I  enpendilure  of  lino,  that  metal  must  be  emploved  in  a  pii 
irface  must  be  covered  by  an  amalgam  of  ziuc,  which  in  its  vlecWt 
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id.  aa-i  Uwa 
piM«  <rf  »»e  ti»d  to  ■  (tick. 
TIm  friwdph  «(  lh«  coapMBd  iMttoT  ia,  ptrh^a.  bett  Mm  fa  tfM  a 
of  aMp*)  k;  od  altcnuiioDOt  tine.  Said.  mhI  eopper.  tlw  oarrcotb  i 
fmnniltrilb  incnucd  encrgj;  ia  iDtcnaitj-i*  sagmaaied,  bal  tbc  ■ 
w>Bat  af  claMrieiil  fore*  tfaman  ibm  Ihe  cajnot  fofv  is  doI  iDOraMoi. 
^nBlil7,  ttHmtUd  bj  iU  decomposing  power,  u.  in  KmL  delenoinffd  bf 
«f  Ibe  mmIImI  kod  lout  uliTe  pyr  of  pUl«>.  lb*  qiunlilT  oT  ele«trici^ 
•*«I7  pan  or  MctioD  of  Ihs  eirenit  being  tuxetiy  eijaa].  tTenM  l*r|* 
MwU  pUUi,  bkltfirie*  tlrnngl?  uid  vc&klj  charged,  c*D 
witbont  gr*«l  lota  of  power. 

Whra  B  ballarj.  either  simple  or  compound,  constructed  iritfa  para  orV 
tmBlS*""'*''  *'°°-  ■"  obarged  with  dilute  enlphnric  acid,  >  nnuiW  of  bigll 
laternting  phenniiiena  amy  be  obaeried.  While  the  cirooil  nmiif'--  '■-'- 
■he  line  li  perfMll;  iaBcCiie.  no  wuiter  is  dvcomposed,  Du  bjdrogen 
but  tbe  moment  the  oonDeotioa  is  completed,  ton-enta  of  hydrogen  arise, 
from  the  xlne,  bnt  f^om  the  copper  or  plaiinnm  aorfecee  alone,  while  On ' 
anderfoe*  Iritnquil  and  imperceptible  oiidation  and  solution.  Thus,  ei> 
th«  UNnia  eBeetM  are  seen  to  occur  in  everji  actiTe  cell  of  a  elwed  tin 
whicli  arc  witnessed  in  >  portion  of  water  andergoiag  elpctrolysis :  Ihe  oi]_ 
appear*  at  the  poBitire  aide,  with  respect  to  tlie  current,  and  Ihe  hjdnpa 
the  negiitlve;  but  wilh  this  difference,  that  the  oiygen,  inslpad  of  bcici " 
frsa,  cunihiiiea  with  the  linc.  It  is,  in  fact,  a  real  case  of  eleotruljeia, 
•lettroiftea  alone  are  available  as  exciting  liquids. 

Cotnmon  (inc  ia  Terj  reodilj  attached  and  diseolTed  by  dilute  gnlphi 
acid  i  and  this  la  uauall;  suppused  Co  arise  from  the  formatiuD  of  a  mull'' 
of  Utile  voltaic  circles,  by  the  aid  of  particles  of  foreign  Ttioials  or  pt] 
partially  embedded  in  the  aine,  This  gives  rise  in  the  battery  to  Hi 
flailed  loaal  uotion,  by  which,  in  tbe  common  forms  of  apparaius,  thne-fo 
or  more  of  the  nietnl  are  often  consumed,  witliout  contributing  in  the  Itut 
the  general  effect,  but,  on  the  contrary,  injuring  the  latter  to  some  v 
Illla  otII  ia  got  rid  of  by  amiilgam sting  the  Borface. 

From  eKperiinents  very  oarefully  made  with  a  "dissected"  batteiy  8(; 
Uar  aoDstruotlun.  in  which  local  Bction  was  completely  avoided,  it  has! 
dlltiaetly  proved  that  Ihe  quantity  of  electricity  set  in  molicn  by  the  b 
varies  exactly  with  the  aino  disaolved.  Coupling  this  fact  with  Utsti 
definite  aotiou  uf  tlie  current,  it  will  be  seen  that  when  a  perfect  batte 
this  kind  la  employed  to  dvoompose  water,  in  order  to  evolie  one  git 
hydrogen  from  tlio  latter,  33  grains  of  lino  must  be  oiidiaed  and  its  eqwi 
quantity  of  hydrogen  disengaged  in  each  activa  oell  of  the  battery.  1! 
to  say,  that  the  cloctrical  force  generated  by  the  oxidation  of  an  eqirii 
Bf  aino  (H  the  battery  is  capable  of  effecting  the  decompoailion  of  anefl 
Itnt  of  walar,  or  an^  other  electrolyte,  out  of  it 

Tills  la  an  eioooihngly  imporUnt  disocivery ;  it  serves  to  ihow,  in  tie 
itrihlng  iMnnor,  Uio  Intimate  uatare  of  the  coonection  between  ohomiM 
ileotriftal  foroea,  and  their  reinMkable  qnantiiative  o-  »■>..;••  I pm  rri»li»i 
ilmost  sown*,  lu  use  an  giQrescioii  of  Mr  Faraday 
•1  ft-"^*  t""!"  place  tliron/h  the  ■■ubstance  of  solid 

jjpl,*M.r.  toaihlhU  thei^  Stf«"""''0"t  loa.  or  di.«i     "   " 
n»r»  '•  "  Vpothtai,.  ''J  'J  recent  date,  long  ^^^, 

tan*f  '^^  "Ppo^,  tCr.d''*  1°'"'"°'  *'«»°»«  they  art  talflP 


M^o*  >k»teiU,»„ 


a  transf«  ef  • 


"npaiij-inj  ehemio^  u 
'*'"—,     In^orl,w«L 

T  effect:  Ur»J^*»" 
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oil  of  Tilrial  and  8  of  vnler.  Bud  the  exterior  space  with  tbe  snme  liqnid, 
r«ted  wilh  sulphate  of  ooppsr.     A  sort  of  IJit.le  colander  is  filled  to  the  ti 
the  cell,  in  which  oryelnls  of  the  sulphnte  u(  copper  are  placed,  so-tbft 
KreDgth  of  the  solation  maj  remain  nnimpnired.     When  h  comm 
made  b;  %  irire  bstveen  the  rod  and  ihe  cjlinder,  ft  powerful  eurrent  it 
daced,  the  power  of  which  maj  be  iooreased  to  any  eileiit,  bj  oamieatil 
iuffioient  number  of  Bach  oells  into  a  seiire.  on  the  principle  of  the  araw 
caps,  the  copper  of  the  first  being  attached  to  Ihe  lino  of  the  sesond. 
•uch  allemnlinns  conalilnte  a  lery  powerful  appilratua,  which  bas  the  | 
adviknta);e  o(  retaining  ita  energy  undiminished  for  a  iengtbetied  period. 
B;  Ibis  arrangement  of  the  electric  battery,  the  polnrixatiOD  of  the  M 
pinte  ia  altogether  avoided  ;  the  zinc  in  the  porcuH  cell,  whilst  it  diaxoti 
the  solphnrio  acid  indeed  decomposes  water,  but  does  not  libenile  uij  ki  _ 
gen,  for  by  the  process  of  the  deoumpoeitioD  (see  p.  SD9)  np  to  the  bonBdi 
of  the  copper  noiution,  the  hydrogen  lakes  Tlie  place  of  the  copper,  and  f 
ultimately  the  copper  is  precipitated  on  tbs  copper  plate.     The  copper  p 
therefore  remains  in  ita  original  elate,  so  long  as  A  Buffioient  qntmtiqr  of 
phate  of  copper  is  preaent  in  the  solution. 

Bj  increasing  the  generative  and  reducing  the  antngoDtzing  diemieal  i 
oitieB,  Mr.  Grove  succeeded  in  forming  Ihe  conslant  nitric  acid  battery,  ni 
bears  his  name.  This  instrument  is  capable  of  producing  a  far  greaterds) 
of  power  than  Ihe  battery  preiionaty  mentioned,  and  hence  il  has  beooma 
of  the  most  important  means  of  promoting  electrical  science  in  the  prel 
day.  The  zinc  dips  into  dilute  sulphuric  acidj  and  inelead  of  a  sotiitiini 
oopper,  oonoentrated  nitrio  aoid  is  used  which  surrounds  a  platinnra  ptala. 
Is  evident  that  the  electrolytic  action  which  begins  at  the  zinc,  passes  thrM 
the  snlpburio  acid,  and  in  a  precisely  similar  way  through  the  ocnQgl 
nitrio  acid.  Hydrogen  would  thus  be  liberated  en  Ihe  platinum  plate.  J 
■olJoQ  is  not  peroeptible  by  the  evolution  of  gas,  but  only  gradnallylj 
change  of  color  in  the  nitrio  acid,  for  the  hydrogen  liberated  by  the  eleon 
action,  again  forms  water  at  the  expense  of  the  oiygen  yielded  by  the  ni 
uid;  and  by  this  means,  so  long  as  snfGcient  nitrio  acid  is  present,  the  pH 
of  the  surface  of  the  platinum  phitD  is  maintained. 

One  of  the  eelle  in  this  ballery  is  represented  in  the  nl 
"S'^^'  gin,  in  section  (fig.  188.)     The  zinc  plale  is  bent  ronndi 

as  to  present  a  double  surface,  and  well  amalgamated ;  wU 
it  stands  a  thin  fiat  cell  of  porous  earthenware,  BUedl 
strong  nitric  aoid,  and  tbe  whole  is  immersed  in  a  tidit 
of  1  part  by  measure  of  oil  of  vitriol  and  6  of  water,* 
lained  either  in  one  of  the  cells  of  Wollaston's  trough,  a 
a  separate  cell  of  glaied  porcelain,  made  for  tbe  pul^ 
The  apparatus  is  completed  by  a  plate  of  platinum  foil  wk 
dips  into  the  nitric  acid,  and  forma  Ihe  positive  side  ot' 
armngemEDl.  With  ten  such  pairs,  experiments  of  dm< 
poaition,  ignition  of  wirea,  the  light  between  charooal  p«l 
&c.,  oan  be  exhibited  wilh  great  brilliancy,  while  tbe  bttV 
itself  is  very  compact  and  portable,  and,  to  a  great  tM 
constant  in  its  afllion.  Tbe  line,  as  in  tbe  case  of  PrtfM 
Daniell's  battery,  is  only  consnmed  while  Ihe  current  pitK 
■0  that  the  apparatus  may  be  arranged  an  hoar  or  two  before  it  ie  n4]nireit 
use,  which  is  often  a  matter  of  great  conveDleDce;  and  local  BcllonfrHt' 
precipitation  of  copper  on  the  linc  is  avoided. 

Professor  Bum-en  baa  modified  the  Grove  battery  by  subatitnting  ftrl 
platinum  dense  charooal  or  coke,  which  is  an  excellent  conductor  of  elesMdl 
By  this  alteration,  at  a  very  small  eipenae,  a  battery  may  be  mada  attitf 
iverful  and  useful  as  that  of  Qrovo.     On  aaeount  of  ita  cheapness  iByfl 
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together  one  bundreJ  or  more  of  Bunsen's  cells;  by  which  the  m 
ent  pbenomena  of  heat  nnd  liglit  mny  be  obtnined. 
ocompnQjing;  figure  ahowa   (he  form  of  the  roand  ng.  189. 

ipliniler,  which  is  used  in  these  cells.  It  ia  hollowed 
receive  nporoua  enrtbennitre  cell,  in  which  a  round 
lino  ia  placed.  The  upper  edge  of  Ihe  cyhnder  of 
a  well  eaturnted  with  wnx,  and  is  surrounded  by  a 
iog,  b;  means  of  which  it  tony  be  put  in  coDaectiou 
liac  of  the  adjoining  pair. 

n'a  carboQ -cylinder  ia  likewise  well  adapted  for  the 
ilnle  siilpharic  acid  alone,  without  the  addition  of 
id.  It  is  however  better  to  saturate  the  dilute  sul- 
cid  with  bichromate  of  potasaa.  When  this  mixture 
at  least  double  the  amount  of  eulphnrio  acid,  which 
aary  to  decompose  the  chromate,  a  battery  thaa 
inrpasses  in  power  the  nitric  acid  battery,  but  does  not  fornUh  ouF 
the  same  constancy. 

mee  has  contrived  an  ingenious  battery,  in  which  silver  eoTered  with 
jating  of  finely-divided  metnlHc  platinum  ia  employed  in  aasociatioD 
algamated  zinc  and  dilute  sulphuric  acid.  The  rough  surface  appears 
t  the  ready  disengagement  of  the  bubbles  of  hydrogen. 
I  the  laaE  ten  or  twelve  years  several  verj  beautiful  and  succesafnl 
iooa  of  voltaic  electricity  have  been  made,  which  may  be  slightly  men- 
Mr.  Spencer  and  Profeasor  Jacobi  have  employed  it  in  copyiog,  or 
I  moltiplying,  engraved  plates  and  medals,  by  depositing  upon  Uieir 
ft  thin  coating  of  metallic  copper,  which,  when  separated  from  tha 
exhibits,  in  reverae,  a  moat  faithful  representation  of  the  latter.  By 
ia  in  its  turn  aa  a  mould  or  matrix,  an  absolutely-perfect/oc-nniiJt  of 
i  or  medal  is  obtained.  Id  tbe  former  case,  the  impreasions  taten  oa 
-e  quite  indistinguishable  from  those  directly  derived  from  the  work 
'tist;  and  as  there  is  no  limit  to  the  number  of  </ii;(rDfsi;»  plates  whioh 
]hua  produced,  engravings  of  the  most  beautiful  deaoriptioD  may  b« 
id  indeSaitely.  The  copper  is  very  tough,  and  bears  the  aolioa  of  tha 
rfeotl;  well. 

pparatua  used  in  this  and  many  similar  processes  ia  of  the  „  _  „ 
possible  kind.  A  trough  or  cell  of  wood  is  divided  by  a  "g-»«^ 
liaphragm,  made  of  a  very  thin  piece  of  sycamore,  into 
fe ;  dilute  sulphuric  acid  is  put  on  one  aide,  nnd  a  saturated 
/>f  sulphate  of  copper,  sometimes  mixed  with  a  iittle  acid, 
other.  A  plate  of  line  ia  aoldered  to  a  wire  or  strip  of 
Ihe  other  end  of  which  is  secured  by  similar  means  to  the 
d  copper  plate.  The  latter  ia  then  immersed  in  the^solu- 
sulphate,  and  tbe  zino  in  tbe  acid.  To  prevent  depositioQ 
IT  on  tbe  back  of  the  copper  plate,  that  portion  ia  covered 
roish.  For  medals  and  small  works  a  porous  earthenwure 
ced  in  a  jelly-jar,  may  be  aaed. 

■  metala  may  be  precipitated  in  the  same  manner,  in  a 
and  compact  form,  by  the  use  of  certain  precautions  whieli 
lea  gathered  by  experience.  Electro-gilding  and  plating 
■oarried.on  very  largely  and  ij\  great  perfection  by  Slesars. 
on  and  others.  Even  nun-con  due  ting  bodies,  aa  sealing-wax  nnd  plas- 
'arls,  mny  be  coated  with  metal ;  it  is  only  necessary,  as  Mr.  Murray 
'•m,  to  rub  over  tbem  the  thinnest  possible  film  of  plumbago.  Seals 
09  be  copied  in  a  very  few  hours  with  unerring  truth, 
icquerel,  several  years  ago,  published  an  exceedingly  interesting  accoonl 
do  experimenta,  in  which  crygtalliied  metals,  oxides,  and  other  inao- 
abstancea  had  been  produced  by  thp  slow'and  continuous  slqIaq^  iA 
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fgeble  eleotrical  cmrentB,  kept  np  formonthe,  or  tven  years.    These  prodod 
exactly  reeeinbla  nnlural  minenila  ;  and,  indeed,  the  eiperiments  throw  g 
light  on  rtiB  fonnalion  of  llie  latter  within  the  caith.' 

Tha  common  but  very  pieasing  oiperinient  of  the  Itad-tta  is  greatly  di 
dent  on  glectrD-chemicnl  notion.   When  a  piece  of  lino  h 
rig.  1*1.  pended  in  a  eotution  of  acetaM  of  lead,  tlie  first  effect  ii 

documpoaitioD  of  u  portion  of  the  latter,  and  the  deposiUo 
metallic  lead  uftan  tlie  surface  of  the  zinc ;  it  is  simply  a 
placement  of  a  metal  hy  a  more  oiidable  one.  The  chtpi 
does  not,  however,  stop  here;  metallic  lend  is  still  depoaiM 
in  large  and  bcantiful  plules  opon  that  first  thrown  doWr' 
until  the  sotution  becomes  eihaufited.  or  the  tine  entirely^ 
appeare.  The  first  portinna  of  lend  form  vilh  tbe  lino  •.nj 
taic  armogement  of  sufficient  power  to  decompose  tbt  wL 
under  the  peculiar  ciroumstauces  in  which  the  lattwv 
placed,  the  metal  is  precipitated  upon  the  negative 
that  is,  the  lead,  while  tbe  oxygen  and  acid  are  taltoLnpJB 

Mr.  Grove  hag  contrived  a  battery  in  which  an  e 
current,  of  sufficient  intensity  to  decompose  water,  is  produced  by  tha  n 
lion  of  oxygen  upon  hydrogen.     Each  rleraent  of  this  interesting  ftppi 
Bonsiets  of  a  pair  of  gUsa  tubes  to  contain  the  gases,  dipping  into  ■  vm 
acidulated  water.     Both  tubes  contain  plates,  covered  wilh  a  rough  dt,^ 
of  finely-diviiled  platinum,  and  furnished  with  conducting  wires,  whiAli 
through  the  tops  or  sides  of  the  tubes,  and  are  hermeticnily  sealed  inttu 
latter.      When  the  tubes  are  charged  with  oxygen  on  the  one  side  VU' ' 
gen  on  tbe  other,  and  tbe  wires  connected  wilh  a  galianosoope,  the  n 
tbe  iuBtrument  beoomeB  instantly  affected;  and  when  ten  or  more  ( 
bined  in  a  series,  the  oiygcn-tubo  of  the  one  with  tho  hydrogen-tuba  pfiH 
next,  ku.,  while  tbe  terminal  wires  dip  into  acidulated  water,  a  rapid  at 
-*  —'• — 'e  bubbles  from  either  wire  indicates  the  decomposition  of  the  li< 
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CHEMISTRY  OF  TH£  METALS. 


IB  metals  constitute  the  second  and  larger  group  of  elementary  ouuix.^. 
■eat  number  of  these  are  of  very  rare  occurrence,  being  found  only  in  a 
scarce  minerals ;  others  are  more  abundant,  and  some  few  almost  univer- 
-  diffused  throughout  the  whole  globe.  Some  of  these  bodies  are  of  most 
>rtance  when  in  the  metallic  state ;  others,  when  in  combination,  chiefly 
tides,  the  metals  themselves  being  almost  unknown.  Many  are  used  in 
icine  and  in  the  arts,  and  are  essentially  connected  with  the  progress  of 
ization. 

arsenic  and  tellurium  be  included,  the  metals  amounts  to  forty-nine  in 
iber. 

hytical  Properties,  —  One  of  the  most  remarkable  and  striking  characters 
lessed  by  the  metals  is  their  peculiar  lustre  ;  this  is  so  characteristic,  that 
expression  metallic  lustre  has  passed  into  common  speech.  This  property 
lO  doubt  connected  with  the  extraordinary  degree  of  opacity  which  the 
als  present  in  every  instance.  The  thinnest  leaves  or  plates,  the  edg^s  of 
ttalline  laminse,  arrest  the  passage  of  light  in  the  most  complete  manner, 
exception  to  this  rule  is  usually  made  in  favor  of  gold-leaf,  which,  when 
I  up  to  the  daylight,  exhibits  a  greenish,  and  in  some  cases  a  purple  color, 
f  it  were  really  endued  with  a  certain  degree  of  translucency ;  the  metalUo 

is,  however,  generally  so  imperfect  that  it  became  difficult  to  say  whether 
observed  effect  might  not  be  in  some  measure  due  to  multitudes  of  little 
38,  many  of  which  are  visible  to  the  naked  eye ;  but  recent  experiments 
Professor  Faraday  have  established  the  translucency  of  gold  beyond  all 

bt. 

n  point  of  color,  the  metals  present  a  certain  degree  of  uniformity :  with 

)  exceptions,  viz.,  copper,  which  is  red,  and  gold,  which  is  yellow,  all  these 

lies  are  included  between  the  pure  white  of  silver,  and  the  bluish-gray  tint 

ead ;  bismuth,  it  is  true,  has  a  pinkish  color,  and  calcium  and  strontium  a 

lowish  tint,  but  they  are  very  feeble. 

Che  differences  of  specific  gravity  are  very  wide,  passing  from  lithium,  potas- 

m,  and  sodium,  which  are  lighter  than  water,  to  platinum,  which  is  nearly 

enty-one  times  heavier  than  an  equal  bulk  of  that  fluid. 

Tabu  of  the  Specific  Gravities  of  Metals  at  60®  (16o-6C).i 

Platinum 20-98 

Gold 19-26 

Tungsten  ...'....  17-60 

Mercui-y 18«67 

Palladium 11-80  to  11 -S 

Lead 11-35 

Silver 10-47 

Bismuth 9-82 

Uranium 9*00 

*  Pf,  Taraer's  ElenMnts,  eighth  edition,  p.  84<i 
19  •        . 
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Tbe  properly  of  m^UatiHtf,  or  power  of  eiteDrioii  under  the  linniD«r,  I 
betwmn  Ike  roU«r«  of  the  fl&ttiag-miU,  is  enjojed  bj  certain  of  the  met^ 
KTBtjfreal  exteoL  Go1(I-lei>f  b  &reiiurk>ble  cuuople  of  the  tcDnily  lovlu 
B  nuUe&ble  tneul  ta^y  be  broogfat  b?  sailable  means.  The  gilding  on  rih 
wire  used  in  the  maniifictnre  of  gold  laee  is  eien  thinner,  and  yet  prtsa 
an  ODbroken  surface,  Silver  msj  be  beaten  oat  Tcr;  thin ;  copper  also,  t 
to  an  inferior  extent ;  tin  and  platinam  are  eafil;  rolled  oal  into  foil;  in 
palUdiDm,  lead,  nickel,  cadminm,  the  metaU  of  the  alkalia.  and  mertu 
when  eolidified,  are  also  malleable.  Zinc  ma?  be  placed  midvajr  betwe^  \ 
malleable  and  brittle  diTision  ;  then  perhaps  bismnth,  and.  lasllj,  snch  nwl 
W  antimony  and  araenio,  which  are  altogether  destitute  of  malleabili^. 

The  specifio  graTity  of  malleable  metala  ia  osnally  yerj  sensibly  inereai 

by  preaanre  or  blows,  and  the  metals  themseltea  rendered  much  harder,  ■ 

k  tendency  to  britllenaBa.     TLis  condition  ia  destroyed  and  the  foTiBer  i 

I   state  restored  by  the  operation  of  mmialing,  which  consists  in  beating 

1  .^  iw^u^Bs  out  of  contact  with  air  (if  it  will  bear  (hal  temperature  wi 


It  fusion),  and  cooling  it  quickly  or  alowly  according 
Circnnistancea  of  the  caae.  After  this  operation,  it  is 
to  possesB  its  original  apeeific  gravity. 

Ducliliiy  is  a  property  diatiact  tram  tho 
it  involvea  the  principle  of  tenacity,  or  powt 
slon.  The  art  of  wire-drawing  is  one  of  jcreat  antiqniiy), 
consists  in  drnwiog  rods  of  metal  throngh  a  anecessiMi 
trumpeUshaped  holes  in  a  atee!  plate,  each  being  a  H 
smaller  tfaan  its  predecessor,  until  the  requisite  degree  of  I 
noKS  is  attained.  Tha  metal  often  becomes  very  hard  i 
rigid  in  tbia  procesa,  and  is  then  liable  to  break ;  tiiia  is  rei 
died  hy  annealing.     TLe  order  of  tenacity  among  the  ma 

nHoeptible  of  being  easily  drnwo  into  wire  ia  the  folloniiig;  it  is  determi! 

by  otiaerving  the  woights  required  to  break  asnnder  wirea  drawn  throDgh 

mm*  nUoB  of  the  plate:  — 

Iron  1  Qold 

Copper  Zino 

Platinum  Tin 

Bilier  I  I>ead 

Hetnlfl   differ  aa  nnoh  in  futibilily  as  in  density.      The  folloiring  M 
[   fxtrnaled  from  Uis  1»ta  l)r.  Tunier'a  excellent  work,  will  give  an  idea  sf  A 
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Hlitioiis  to  heat.  The  melting  poiDts  of  the  metals  which  onlj  fnse  at  a  tem- 
■entnre  above  ignition,  and  that  of  xinc,  are  on  the  authoritj  of  Mr.  Daniell, 
Inisg  been  obsttrred  bj  the  help  of  the  pyrometer  before  described :  — 

Uelting  poiaU. 
F.  C. 

_89o  — 89*»-44 


Mble  below 
and  heat 


Mercnry —SO®  — 89*»-44 

Potassium 136  67-77 

Sodinm 194  90 

Lithinm         ....                 .    356  180 

Tin 442  227-77 

Cadmium       ....         (about)  442  227-77 

Bismuth 497  268-88 

Lead 612  322-77 

Tellurium — rather  less  fusible  than  lead. 
Arsenic  —  unknown. 

Zinc 773  411-66 

Antimony  — just  below  redness. 


kMUebdow 
•ndheat 


ffilver    . 
Copper 
Oold      . 
Cast  iron 
Pure  iron  . 
Nickel  .    . 
Cobalt  .     . 
Manganese 
Palladium  . 
Molybdenum 
Uranium    • 
Tungslen   . 
Chromium 
Titanium    . 
Cerium 
Osmium     . 
Iridium 
Rhodium   . 
Platinum   . 
Tantalum  . 


1873  1022-77 

1996  109111 

2016  1102-22 

2786  1630 


Fusible  only  in  an  excellent  wind- 
furnace. 


Imperfectly  melted  in  innd-fumace. 


Infusible  in  furnace ;  fusible  by  oxy- 
hydrogen  blowpipe. 


Bom  metals  acquire  a  x>asty  or  adhesive  state  before  becoming  fluid :  this 
btka  ease  with  iron  and  platinum,  and  also  with  the  metals  of  the  alkalis. 
l^vfldspeeoliarity  which  confers  the  very  valuable  property  of  welding,  by 
*Uflk  ideoes  of  iron  and  steel  are  united  without  solder,  and  the  finely-divided 
^Mdlle  sponge  of  platinum  convert-ed  into  a  solid  and  compact  bar. 

^flbfJU^  is  possessed  by  certain  members  of  this  class,  and  perhaps  by  all, 
^^  temperatures  sufficiently  elevated  be  obtained.  Mercury  boils  and 
^^  below  a  red  heat;  potassium,  sodium,  zinc,  magnesium,  and  cadmium 
^  in  vapor  when  heated  to  a  bright  redness ;  arsenic  and  tellurium  are 
foittile. 


OmXIOAL  ULATIONS   OF  THE   METALS ;    COMSTITVTIOK   OF   SALTS. 

Itotallic  combinations  are  of  two  kinds,  namely,  those  fn 
<fiutalB  among  themselves,  which  are  esUsd 
^i^iMiied,  amalgams,  and  tiiose  geneimled  h 
^<MBe  elemeDtit  mb  oxides,  cblorides,  sa^pUi 
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metillio  cb»tln;torB  ore  Terj  ftrqu^ntly  lort.    The  Blloya  thrmBelve 
true  chemiffnl  ffmnppundii,  nnd  nrc  nol  niCTenilsliirep  uf  lliB  corari 
Ibeir  propprticB  oftrn  differ  ccmplrlelj  tVotn  IboBe  of  Ilie  Inlter. 

The  oiidcs  of  the  mclals  niiij  bv  diriildd,  «t<  alrpsdy  pointed  o 
elasree:  namel;,  Iho^e  wliicb  poB!<eu  bHsia  obnrictcrs  morp  or  Ina  owrkl 
thoBC  wbich  refuBe  to  combin?  with  «itber  scids  or  alkalig,  and  tbceeiri' 
hftTe  dietincttj  aaid  properties.  Tlis  rtrong  buBes  are  all  protoiidaR:  I 
contain  BingU  equiynlenlB  of  melal  and  oxygen  ;  tbe  veaker  basee  m  obs 
MBqni oxides,  conlaitiing  metal  and  oijg«ii  in  the  proportion  of  two  eqniril 
of  the  former  to  three  of  the  latter;  tbi!  peroxide?  or  neulral  coiopoDndM 
Btill  richer  in  oijrgen.  and,  InEtly,  tbe  tnelallic  ncid^  contain  tbe  djUib' 
proportion  of  thai  element. 

The  p'sdunl  change  of  propertiea  by  increaBing  proporOons  of  o^ga 
well  illnBtrated  by  the  case  of  mnngancEe. 

tleUl.         Oifgco,       GjidWU.  Cbanctai. 

Protoxide    ■         .         .     1  eq.         1  eq.         MnO  Strrmgl;  bane. 

SeBqaioiide  .  .     2  eq.  8  eq.  Mn,0,         Feeblj  buis. 

Biooiide  .        .     1  eq.         2  eq.         MnU,         Neutral. 

ManjiBuio  acid     .  ,      1  eq.  B  tq.  ItinO,     If..  •        .] 

Permanganio  arid         .      2  eq.  7  eq.  Mv,d,    |    ^"^"211  »0'i 

The  oiidee  of  iron  and  chromium  preBent  similar,  but  less  tmnieroiiB  g 

When  B  powerful  oxygen-acid  and  a  powerful  metallic  base  are  nnili 
•Dcb  proportiona  that  Ibey  exactly  destroy  each  other's  properties,  the  reei 
Mit  ia  eaid  to  be  ncDtral :  it  is  incapable  of  uffecling  Tegelable  colore. 
in  all  these  well-characterized  nentral  salts,  a  coastnut  and  very  remui 
reUlion  is  obBcrved  to  cxixi  between  the  quantity  of  oxygen  in  the  bui 
the  quantity  of  acid  in  tbe  bhIC.  This  relntion  is  expree^ed  in  the  fdlh 
manner:  —  To  form  a,  neutral  combinntion.  as  many  equivaleatB  of  atiS.1t 
be  present  in  the  salt  as  there  are  of  oxygen  in  the  base  itxelf.  In  fkot,  t 
baB  become  tbe  very  definition  of  neutrality,  as  the  aetion  on  vegetable  ac 
ifl  Bometlmea  an  unsafe  guide. 

It  is  esBy  to  aee  the  application  of  this  Inn.  When  a  bsBe  is  a  proloi 
K  single  equivalent  of  acid  suffices  to  neutralise  it;  when  a  sesquioxide, 
less  UiBD  three  are  required.  Hence,  if  by  any  chance  tbe  basa  of  ■ 
abould  paas  by  oxidation  from  the  one  Blate  to  tbe  other,  the  acid  wl 
Insufficient  in  quantity  by  one-half  to  form  a  neutral  combinntion,  Bsl] 
of  the  protoxide  of  iron  offers  an  example :  when  a  solution  of  this  BuW 
la  aipoaed  to  the  air,  it  absorbs  oxygen,  and  a  yellow  insoluble  Wi-N 
baiic-iall,  ia  produced,  which  eontaina  nn  excess  of  base.  Four  eqnitl 
of  tbe  green  compound  absorh  from  the  air  two  equiTsIents  of  oiyg*n,'i 
pve  rise  to  one  equivalent  of  neutral  and  one  equivalent  of  basic  talfhil'~' 
Uie  seaquioxide,  na  indicated  by  the  diagonal  zigzag  line  of  diviaion. 

1  eq.  iron  +  1  eq.  oxygen  ,  .  .      1  eq.  sulpbnria  Midi 

1  eg.  iron  -f-  1  eq.  oxygen     .         .  .     1  eq.  fiulphurio  asid. 

I  +  1  ei-  oxygen  from  air, 

1  eq.  iroti  +  1  eq.  oxygen      ....  |  1  eq.  sulphurio  aBiJ- 

1  eq.  iron  4-  '  eq.  oxygen     ....     1  eq.  sulphuric  acid. 

-j-  1  eq.  oxygen  from  air. 

Such  anb-Balts  or  basic  salts  are  very  frequently  insoluble. 

Tbe  oombinnlions  of  chlorine,  iodine,  bromine,  and  fluorine  with  thetn 

poesees  in  a  very  high  degree  (he  saline  chnracter.    If,  however,  the  defln 

formerly  given  of  n  salt  be  rigidly  adhered  to,  these  bodies  must  be  ttei 

-n  the  class,  and  with  them  the  very  aubstanco  from  nliich  the  uan 
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derived,  that  is,  cominon  salt,  irhioh  is  a  cliloride  of  aodiDm,  Tn  obTiaCe  Ihig 
nnomaly,  it  bfts  been  found  necesBiiry  to  create  two  claBses  of  Baits:  in  the 
first  diTli^ioD  vitl  atnad  ihutiG  ounstituUd  after  the  type  of  comtiiuii  suit,  whioh 
coDtain  a  metal  and  a  laU-radkal.  as  clilorine,  iodioe,  &s, ;  and,  in  the  eecond, 
IfaOBe  whjoli,  like  sulphate  of  auda  anil  uitrate  of  potassA,  are  generally  sup- 
posed to  be  combinations  of  ao  aoid  with  an  oxide.  Tbe  names  haloid'  lalii, 
ftnd  oxyi/ni-add-.  or  oxy~>aUi,  are  glTen  to  theee  two  kinds. 

When  a  haloid  salt  is  dit^solvod  in  water,  it  might  be  regarded  as  a  oombi- 
luUon  of  a  metnllio  oxide  with  a  hydrogen- acid,  tbe  water  being  soppoaed  to 
Modargo  deeompoBilion,  its  hjdrogeu  being  tranEferred  to  the  salt-radical, 
>ud  its  oxygen  to  the  metal.  This  view  is  unsupported  by  evidence  of  any 
-wlua:  il  iii  muoh  more  probable,  iudcsed,  that  no  truly  Baline  cooipounds  of 
bydrogen-iicida  exist,  at  anj  rata  in  inorgnnio  chemistry.  When  a  solution 
of  any  hydrogen  acid  is  poured  upon  a  metnllic  oxide,  we  may  rather  suppose 
Uiat  both  are  decampoaed,  water  aod  n  haloid  salt  of  the  metal  being  produced. 
Take  bydracbloric  acid  and  potassa  by  way  of  eiample, 

IT  A    .vj^  -    „.-j   1  Chlorine   __  Chloride  of  PotaBEiam. 

Hydroeblonc  acid  J  hydrogen 


Potassa    . 


^  Water, 


On  eiaporating  the  solution,  tbe  chloride  of  potassium  crystallizes  out. 

When  hydrochloric  acid  and  aiumouiaoal  gases  are  mixed,  tbey  aauibine 
trith  some  energy,  and  form  a  white  solid  salt,  Bat-ammouiac.  I4dw  this 
substance  bears  suoh  a  strong  resemblance  in  many  important  particulars  to 
obloride  of  potassium  and  common  salt,  that  tbe  ascription  to  it  of  a  similw; 
eoiMtitution  is  well  warranted. 

If  cbtoride  of  potassium,  therefore,  contain  chlorine  and  metal,  sal-ammo- 
Bjau  may  also  contain  chlorine  in  combinatioD  with  a  substance  bating  ths 
obetoical  relations  uf  a  metal,  formed  by  the  addition  of  the  hydrogen  of  tltt 
•idd  to  the  elements  of  the  si 


^drochloric  acid  J  J  ^^■ 


jlmmoniB 
The  term  or 


Chlorine  - 
Hydrogen 

!q.  Hydrogen. 

■H.  nitrogen  — 


-  Chlorine 


^  Ammoi 


'1 

lium  ) 


Sai- 


ls given  to  this  hypothetical  body,  NH^;  it  is  supposed 
to  exist  in  all  the  ammoniacal  salts.  Q-'hus  we  have  cliloride  of  ammonium, 
■nlpbate  of  the  oxide  of  ammonium,  &c.  This  view  is  very  strongly  supported 
bj  tbe  peculiarities  of  the  salts  themselves,  and  by  the  existence  of  a  series 
ef  sabstances,  intimately  related  to  these  salts  in  organic  chemistry,  as  will 
bereafter  be  seen. 

Many  of  tbo  sulphides  also  possess  the  saline  character  and  are  soluble  in 
vatar,  as  those  of  potassium  and  sodium.  Sometimes  a  pair  of  sulphides  will 
suite  in  definite  proportions,  and  form  a  orystallizahlB  compound.  8ueh 
bodies  hear  a  very  close  resemblance  to  oxygen-acid  salts ;  they  usually 
Bontain  a  protosnlpbide  of  an  alkaline  metal,  and  a  higher  sulphide  of  a  non- 
melallio  substance  or  of  a  metal  which  has  little  tendency  lo  form  a  basio 
(aide,  the  two  sulphides  having  oiaetly  tbe  same  relation  to  each  other  as  the 
oiide  and  sold  of  an  ordinary  salt.  Hence  tbe  expressions  tulphar-tall, 
tidphar-add,  and  tulpkur-biae,  wliich  Berzetiua  applies  to  such  compounds : 
they  contain  snlphur  in  the  place  of  oxygen.  Thus,  bisulphide  of  carbon  is 
a  sulpbnr-acid ;  it  forms  a  crystalllzable  compound  with  protosulpbide  of 
potasEiiuB,  which  is  a  sulphur-base.  Were  oxygen  sabstituted  for  tbe  sniphur 
IS  this  produot,  we  shruld  have  carbonate  of  potassa. 
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These  Temarl(ib!e  compnnnda  »re  terj  niimerous  and  iutdresting;  llMJ 
hsTg  been  stndied  bj  B«n«tias  with  great  cure.  _ 

SkltB  oflen  combine  togellier,  and  form  irhst  sre  called  doublt-tallt,  in  irbidj 
llie  same  acid  is  to  conibitution  with  two  different  bases.  When  Bulpfantsd 
Bopppr  and  Bulphale  of  potsBsa,  or  oblaride  of  line  aud  Eal-amtDoniai;,  gS 
uiied  io  the  ratio  of  their  eijuivaknls,  disfolTed  in  water,  and  the  eolntM 
nukde  to  cryeialliie.  double  ealtn  are  oblaiaed.  These  latter  are  often  bih 
beautiful,  and  crj^talliie  belter  than  Ibeir  constitaent  Balls.  Jj 

Manf  of  tbe  conipuunde  culled  mper-,  or  acid-ialti,  aucb  aa  biealphate  JB 
potasaa,  which  bale  a  sour  taste  and  acid  reuclioo  to  test-paper,  vn^ 
atrictlj  to  be  considered  in  the  liglit  of  double-snlle,  in  which  one  of  IhebnM 
ifl  water.  Strange  as  it  ma;  at  first  gigbt  appear,  water  pusseBses  00llBderu| 
basic  powers,  although  it  is  unable  to  mask  acid  reaction  an  vegetable  ooIorH 
hydrogen,  in  fact,  ver;  much  resembles  a  metal  in  its  chemical  relafigfl 
Bisulphate  of  polnssa  will,  therefore,  be  a  double  sulphate  of  potaua  afl 
Daler,  while  oil  of  liLriol  must  be  assimilated  to  iieutral  sulphate  of  petamli 
KO  +  SO,  and  HO  +  SO,  J 

Water  is  a  wenli  base ;  it  is  for  the  most  part  easil;  dieplnced  bj  8  metal|| 
oiide ;  jet  cases  occur  now  and  then  in  which  the  reverse  happens,  and  walfl 
ii  scon  to  decompose  a  salt,  in  virtue  of  its  basic  power.  jj 

Tbero  aro  a  few  acid  salts  which  contain  no  water;  as  the  bichromate  Ii 
potassa,  and  a  new  nnbjdrous  sulphate  of  potassa  discoTcred  by  M.  JBcqM 
Iain.'  It  will  be  neceesary.  of  course,  to  adopt  some  other  view  in  Ibeae  nailjg 
The  Bimplest  will  be  to  consider  them  as  reall;  containing  two  equivajuita  ■ 

B;  aaler  of  eryitnlliiation  is  meant  water  iu  a  somewhnl  loose  state  of  OciM 
binatioD  with  a  salt,  or  other  compound  body,  from  which  it  can  be  diaenaaM 
by  tbe  mere  application  of  heat,  or  by  eiposure  to  a  dry  atmosphere.  83 
which  coDtaln  water  of  orjrstaliiintion  have  their  orjstalliue  form  greattrjB 
floenced  by  the  proportion  of  the  latter.  Greeik  sulphate  of  iron  oiyBtaBag 
in  two  different  forms,  and  with  two  different  proportions  of  water,  accHUl 
to  the  tempernlure  at  which  the  salt  separates  from  tbe  solution.  1 

Many  salts  containing  water  ^oreice  in  a  dry  atmosphere,  crumblhaM 
powder,  and  losing  a  part  or  the  whole  of  (heir  water  of  crysCalUxalion  ;  idfl 
in  a  moist  atmosphere  they  may  be  preserved  unchanged.  The  oppa^(«  i^U 
to  ibis,  or  dftigiiticence,  results  from  a  strong  ntlraotion  of  tbe  Salt  far  mifl 
in  virtue  of  which  it  absorbs  the  latter  from  the  air,  often  to  such  an  tnl 

Crf/ttallizalian ;  CryitaUint  Form,  —  Almost  every  substance,  simple  M 

oampound,  capable  of  exiBlence  in  the  aolid  state,  assumes,  under  favonBi 

oircumstanceB,  a  distinct  geometrical  form  or  Hgure,  usually  bounded  by  plM 

■urfaces,  and  having  angles  of  fixed  and  constaDt  value.    The  faculty  of  on 

talliiation  seems  Co  be  denied  only  lo  a  few  bodies,  chiefly  bigb]y-ooni|M 

Drgauio  principles,  which  stand,  as  it  were,  upon  the  very  verge  of  organa| 

tion,  and  whiuh,  when  in  a  solid  state,  are  frequently  obaracterixed  by  al^B 

of  beady  or  globular  appearance,  well  known  to  microscopical  cbaerrers,  71 

Tba  most    heauiiful    examples   of   crystallization  are  to  be  found  amM 

natural  minerals,  tbe  results  of  exceedingly  slaw  changes  constantly  ooeansB 

within  the  eartb.      It  is  invariably  found  that  artificial  crystals  of  aaltl  m| 

Other  BolublB  substances,  which  have  been  slowly  and  quietly  deposited,  idmH 

Bnrpasa  in  siie  and  regularity  those  of  more  rapid  formation.  U 

Solution  in  water  or  Bome  other  liquid  is  one  very  frequent  methoi.fl 

^affecting  crystalliiatioa.     If  the  substance  be  more  soluble  at  a  high  thatH 

^  'Ann.  OhiM.  at  Phj>.  In.  311.  ^ 
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K  low  temperitture,  thea  a  bat  nncl  entiirated  Bolution  b;  slow  ea")ing  will 
g«Der&l1/  be  founii  to  furnbh  crj'slnls:  tliia  ia  a  lerj  commOD  esse  with  suits 
and  TBriana  orgnnic  principles.  If  it  be  equnllj  soluble,  or  nearly  so.  al  all 
temperatarea,  then  slow  sponlansous  evaporatioa  in  the  air,  or  over  a  surfitoe 
of  oil  of  litrio],  often  proves  very  effective. 

Fusion  and  slow  cooling  mitj  be  employed  in  man;  cases:  that  of  eulpbur 
Is  >  good  exitmple :  the  metals  nsuatly  afford  traces  of  crystalline  figure  when 
thus  treated,  vhicli  someUmea  become  very  beantifu]  aod  distinct,  as  witb 
bismuth,  A  third  condition  under  which  crystals  very  often  form  is  in  pnseinf; 
from  a  gaeeoas  to  a  solid  state,  of  which  iodine  affords  a  good  inxlaiice. 
When  by  any  of  these  means  time  is  allowed  for  the  symmetrical  arrangement 
of  the  particles  of  matter,  at  the  moment  of  solidification,  crystals  ore  produced. 

That  crystals  owe  their  fignre  to  a  certain  regularity  of  internal  strnctare, 
U  ^own  both  by  Iheir  mode  of  formation  and  also  by  the  peculiarities  attend- 
ing their  fracture.  A  crystal  placed  in  a  slowly-evaporating  salor.ited  solu- 
tion of  the  same  substance  grows  or  increases  by  a  oontinued  deposition  of 
fresh  miitlor  upon  its  sides,  in  such  a  manner  that  the  angles  formed  by  tha 
■neetiug  of  the  latter  remain  unaltered. 

The  tendency  of  moat  crystals  to  split  in  particular  directions,  called  by 
mineralogists  cleavagt.  is  a  certain  indication  of  regular  structure,  while  th« 
onrioun  optical  properties  of  many  ttmong  them,  and  tlieir  remarkable  mode 
of  expansion  by  heat,  point  to  the  same  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  Bobstance  has  its  own 
erystalline  form,  by  which  it  may  very  frequently  be  recognized  at  once ;  not 
that  each  substance  has  a  different  figure,  although  very  great  diversity  iii 
this  respect  is  to  be  found.  Some  forms  are  much  more  common  than  olhers, 
as  the  cube  and  sii-sided  prism,  which  are  very  frequently  assumed  by  a 
number  of  bodies,  not  iu  any  way  related. 

The  same  substance  may  have,  under  different  sets  of  circnmstnnces.  as 
bigh  and  low  temperatures,  two  different  crystalline  forms,  iu  which  case  it  is 
■aid  to  be  dimoTphniu.  Sulpliur  and  carbon  furnish,  as  already  noticed, 
aiamples  of  thia  curious  fact:  another  case  is  presented  by  carbonate  of  lime 
in  the  two  modiScatians  of  calcareous  spar  and  arrngonite,  both  chemically 
the  same,  but  physically  different.  A  fourth  example  might  be  given  in  the 
Iodide  of  mercury,  which  also  ha.-*  two  distinct  forma,  and  even  two  distinct 
oolors,  offering  as  great  a  contrast  as  those  of  diamond  and  graphite. 

The  angles  of  crystals  are  measured  by  means  of  instruments  called  gonio- 
miieri,  of  which  there  are  tWh  kinda  in  use,  namely,  the  old  or  common 
goniometer,  anji  the  reflective  goniometer  of  Dr.  Wollaston. 

The  common   goniometer  con"-"'-  "'  -   — ■-   -'  -'-"'  '''— ' 
friction  upon  a  centre,  as  shown 


in  the  cut  |fig.  143). 
edges  as  are  carefully  adjusted 
to  the  faces  of  the  crystal, 
whose  inclination  to  each  other 
It  is  required  to  ascertain,  and 
then  the  instrument  being  ap- 
plied to  the  divided  semicircle, 
the  contained  angle  is  at  onoe 
read  off.  An  approximative 
meaaurement,  within  one  or 
two  degrees,  can  be  easily  ob- 
lijned  by  this  instrument,  pro- 
vided the  planes  of  the  crystal 
be  tolerably  perfect,  and  lai^ 
•nongk  for  the  purpose.   Soi 


a  pair  of  steel  blades  moTing  with 
Ki;,14». 


prutioe  ia  of  01 


required  before  even  this 


r 
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went  of  the  hdkIo  rests  is  very  i 
be  BUGcesaivelj  brought  into  the 
erjstal  will  have  moied  will  be 


The  reflective  grjniomoter  is  a»erj  Bupi 

irrccl  within  a  {paolion  of  a  JeBree:  it  is  spplicubla  klso  to  the  toeMoreMI 

of  Ihe  angles  of  crjitate  of  Terj  amall  siie.  Ihe  only  conditinn  reqnitwl  M 

thai  thitir  pkneit  be  smootfa  and  ImlliM 

The  anneied  ekeleh  will  oonny  as  U 

of  its  nature  and  mode  of  use. 

a  is  a  ditided  circle  or  disc  of  bn* 
tlie  aiis  of  which  pa.sseB  gtifflj  and  will 
out  ahake  through  the  support  h.  Tk 
aiie  is  itself  pierced  to  ndmit  the  paaaj 
of  a  round  rod  or  wire,  temiiiinled  1 
the  milled-eilged  head  c,  and  destined' 
ciLrry  the  crystal  to  be  mexBared  I 
meana  of  the  jiiinled  a,rm  d.  A  leroM 
t,  immovably  Sied  to  the  npri^t  H 
port,  serves  to  measure  with  great  Mt 
racy  the  angular  motion  of  the  divid 
circle.  The  crystal  at  /  can  tbm  < 
turned  ronnd,  or  ndjuBted  in  anrdeiiii 
poBitton,  without  the  aeceeaity  of  mod 
the  disc. 

The  principle  npon  which  tbe  rneam 
iple.    If  the  two  adjacent  planes  of 
same  position,  the  angle  through  which 
ht  nipplemenl  lo  thai  cantained  btlittrit  tkt , 
all  orystftl  e  a  i  be  Iha  angle  which  is  di  " 
to  be  determined,  and  the 
itig  surface  a  i  be  placed  I 
a  posilion  that  the  refleol 
the  image  of  a  distant  I 
seen  from  O  eiactly  covent 
E  lying  in  the  line  of  the  r<_ . . 
ray,  then  the  other  aide  aeot 
angle  tab  must  be  turned  '* 
the  arc  ea/,  in  order  to  IBM 
the  Bsme  position,  and  to  give! 
phenomena  as  the  plana) 
previously  did.    The  angle  el/ 
the  complement  of  the  angle  a« 
All  that  is  required  to  be  dH 
fiierefore,  is  to  meneure  the  angle  e  a/ with  aocuraoy,  and  snbtraot  its  Tall 
from  180°  ;  and  this  the  guttioioeler  effects. 

One  method  of  using  the  instrutncnt  is  the  following;  — The  goniometer 
placed  at  a  convenient  height  upon  a  stead;  tiible  in  front  of  a  well-illnminati 
window,  fioriiontally  across  the  latter,  at  the  height  of  eight  or  nine  fe 
from  the  ground,  is  stretched  a  narrow  black  ribboa.  while  a  second  simili 
ribbon,  udjusled  parallel  to  the  first,  is  fiied  boneath  the  window,  ft  fool 
tightecn  inches  above  the  floor.  The  object  ia  to  obtain  two  easily-viiit 
black  lines,  perfectly  pitratlel.  The  crystal  to  be  examined  is  attached  to  t 
Ana  of  the  goniometer  at  /  by  a  little  wax,  and  adjusted  in  each  a  manw 
tiiat  the  edge  joining  tho  two  planes  whose  inclination  is  to  be  measured  slu 
nearly  coincide  with,  or  be  parallel  to,  the  axis  of  the  instrument.  This  bdl 
done,  the  adjustment  is  eom/i/e/e;/ in  the  following  manner: — Thn  divided  OJM 
is  turned  nntil  the  zero  of  the  vernier  come?  to  1SD° ;  the  crystal  is  Ihi 
moved  round  by  means  of  Che  inner  axis  e  (fig,  144)  until  the  eye  placed  M 
It  |>eriieives  the  image  of  the  upper  blacli  line  reflected  from  the  soiftw  I 
—  e  of  the  planes  in  question.     Following  this  image,  the  orjatal  ia  ll 
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eautiously  turned  until  the  upper  black  line  seen  by  reflection  approaches  and 
OTerlaps  the  lower  black  line  seen  directly  by  another  portion  of  the  pupil.  It 
is  obvious,  that  if  the  plane  of  the  crystal  be  quite  parallel  to  the  axis  of  the 
instrument  (the  latter  being  horizontal),  the  two  lines  will  coincide  completely. 
If,  however,  this  should  not  be  the  case,  the  crystal  must  be  moved  upon  the 
wax  until  the  two  lines  fall  in  one  when  superposed.  The  second  face  of  the 
cjrystal  must  then  be  adjusted  in  the  same  manner,  care  being  taken  not  to 
derange  the  position  of  the  first.  When  by  repeated  observation  it  is  found 
that  both  have  been  correctly  placed,  so  as  to  bring  the  edge  into  the  required 
condition  of  parallelism  with  the  axis  of  motion,  the  measurement  of  the  angle 
may  be  made. 

For  this  purpose  the  crystal  is  moved  as  before  by  the  inner  axis  until  the 
image  of  the  upper  line,  reflected  from  the  first  face  of  the  crystal,  covers  the 
low^r  Une  seen  directly.  The  great  circle,  carrying  the  whole  with  it,  is  then 
caatiooply  turned  until  the  same  coincidence  of  the  upper  with  the  lower 
Hne  is  seen  by  means  of  the  second  face  of  the  crystal ;  that  is,  the  second 
face  is  brought  into  exactly  the  same  position  as  that  previously  occupied  by 
the  first.  Nothing  then  remains  but  to  read  oflf  by  the  vernier  the  angle 
through  which  the  circle  has  been  moved  in  this  operation.  The  division  upon 
the  circle  itself  is  very  often  made  backwards^  so  that  the  angle  of  motion  is 
not  obtained,  but  its  complement,  or  the  angle  of  the  crystal  required. 

It  may  be  necessary  to  remark,  that,  although  the  principle  of  the  opera- 
tion described  is  in  the  highest  degree  simple,  its  successful  practice  requires 
considerable  skill  and  experience. 

If  a  crystal  of  tolerably  simple  form  be  attentively  considered,  it  will 
become  evident  that  certain  directions  can  be  pointed  out  in  which  straight 
lines  may  be  imagined  to  be  drawn,  passing  through  the  central  point  of  the 
crystal  from  side  to  side,  from  end  to  end,  or  from  one  angle  to  that  opposed 
to  it,  &c.,  about  which  lines  the  particles  of  matter  composing  the  crystal 
may  be  conceived  to  be  symmetrically  built  up.  Such  lines  or  axts  are  not 
always  purely  imaginary,  however,  as  may  be  inferred  from  the  remarkable 
optical  properties  of  many  crystals:  upon  their  number,  relative  lengths, 
position,  and  inclination  to  each  other,  depends  the  outwurd  figure  of  the  crys- 
tal itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  six  classes  or 
^sterns ;  these  are  the  following :  — 

1.  The  regular  system. — The  crystals  of  this  division  have  three  equal  axes, 
an  placed  at  right  angles  to  each  other.  The  most  important  forms  are  the 
cube  (1),  the  regular  octahedron  (2),  and  the  rhombic  dodecahedron  (3). 

The  letters  a — a  (fig.  146)  show  the  termination  of  the  three  axes,  placed 
as  stated. 


Fig.  146. 
2 


8 


J 


Tery  many  substances,  both  simple  and  compound,  assume  these  forms,  as 
most  of  the  metals,  carbon  in  the  state  of  diamond,  common  salt,  iodide  of 
potassiom,  the  alums,  fluor-spar,  bisulphide  of  iron,  garnet,  spinelle,  &o. 
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2.  Thi  iquare  priamaiv:  tyslim.  —  Three  ■ze°i  are  here  (ilsD  obsgrrcd,  •) 
right  niiAleB  Id  each  other.  Of  thc^e,  honci'er,  two  ontj  nre  of  eqaat  length, 
the  third  being  uBUuIly  briber  or  shorter.  The  motX  important  forma  vn,  > 
right  tguari  priim,  in  which  the  lBt«rii1  aies  terminate  in  the  ocntral  point 
of  each  side  (1) ;  %  tcond  right  sqnare  prism,  in  which  the  axea  termini  ii 
the  tdges  (2) ;  a  oorreBpondiug  pair  of  right,  ijtum-iaitd  oelaludrti  (8  mmI  1^ 


EinmpleB  of  these  forms  are  to  be  found  in  zircon,  ngtiTe  binoxide  of  lit, 
apophjlite,  yetloir  ferrocjanidc  of  pntaasium,  &c. 

8,  The  right  priimatic  tyitetn. — This  is  chsraoteriied  by  three  lies  of  it 
equal  lengUiB,  placed  at  right  angles  to  each  other,  ae  ia  the  right  rtan/i^ 
pritm  (1)>  the  right  rhombic pritm  {2),  the  right  TictangtUar-baied  ottalHin* 
(S),  and  the  right  rhombie-bamd  oclaktdron  (4J. 


h-b,e- 


The  sjatem  ia  exemplified  in  anlphar  crystallized  at  a  low  tempetatqn,  i^ 
ienioal  iron  pyrites,  nitrate  and  sulphate  of  polasaa,  anlphate  of  baryl*,  to- 

4,  The  ebliqru  priimatic  lyetem. — Cryatats  belonging  to  this  group  haTI  •!• 
three  axes  which  may  tie  all  unequal,  two  of  these  (the  eecoDdar;}  arepliMi 
at  right  angles,  the  third  being  80  inclined  BS  to  be  oblique  to  one  and  p*" 
pendicalar  to  the  other.  To  this  system  may  be  referred  the  fonr  foltowbl 
forms:  — TAe  obligtit  rtetangular  priim  (1),  the  oblique  rhonbie prim  (i),  »» 
oblique  rtttangutar-baird  oclahedran  (3),  the  obligtie  Tkombic-bated  octahrdnm  ify 

Such  forms  are  taken  by  sulphur  ci7sta11ized  by  fusion  and  ooaling,  nalgM 
'•niphate.  carbonate  and  phosphate  of  soda,  borax,  green  tIMoI,  and  vMr 

<er  ealta. 
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t  fitimify-abtigut  prumatie  tytleni. — The  cryatnllioe  formi  eompretiended 

litUidJngioii  ftre,  from  their  great  appurent  irrepularit;,  eioeedinglr  dlfS- 
wUtastndj  aod  nndergtand.  In  tbeni  nre  tmced  three  nies,  which  may  be 
•SiDtqiHl  in  length,  and  are  all  oblique  to  ench  oilier,  as  in  ihe  two  doubly- 
Mfu  /rtnu  (1  and  2),  and  in  the  correspotidhig  doublj/'obltqut  oetthtdra 

ng.  160. 


U^t«  of  oopper,  nitrate  of  bismath,  and  quadroialate  of  potasaa  afford 
'^«naoDB  of  these  forma. 

li  Hi  rkonbohiirdl  jytfrm —  This  is  Terj  impartsnt  and  eitansiTO ;  it  U 
■•'•etaiiBd  by  the  presence  of  ^ur  axes,  three  of  which  are  equnl,  in  Uie 
**)  plant,  uid'inDlined  to  each  other  at  anglei  of  G0°,  while  the  fonrth  or 
'''vIpU  axil  IB  perpendialar  to  all.  The  rtgvluT  tix-tidtd  priim  (1),  |he 
l**MM{MaA«/r(m  (2),  therJuntii?A(ifron  (3).  and  anconif  dodecHhedron,  whose 
"M  ire  loaleDe  trianglea  (4),  belong  to  the  system  io  question, 
^luipJei  ftr«  readily  found;  as  in  ice,  calcareous  spar,  nitrate  of  soda, 
tM  qquii  or  rook  crjstal,  Mid  the  Bemi-metals,  arsenio,  antimany,  and  (el 
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a— a.  Priodpal  axiit. 
b—t.  SeeoDdmry  axci. 

«re  prodaced,  giving  rise  to  figures  vhich  hare  a  direct  geometrical  eonneetliB 
with  that  from  which  thev  are  derived.   If,  for  example,  in  the  eabe,  a  regatar 
omiiieion  of  Baoces>iTe  rows  of  particles  of  matter  in  a  certain  order  be  madt 
at  each  sofid  angle,  vhile  the  crystal  continues  to  increase  elsewhorey  tte 
result  win  be  the  production  of  small  triangular  planes,  which,  as  the  prooM 
advances,  graduallj  usurp  the  whole  of  the  surface  of  the  crystal,  and  ci»- 
▼ert  the  cube  into  an  octahedron.     The  new  planes  are  called  Beeondmy^  uA ' 
their  pro^Juction  is  said  to  take  place  by  regular  decrenuntf  upon  the  soU 
angles.     The  same  thing  may  happen  on  the  edges  of  the  cube;  a  new  figim^ 
the  rhombic  dodecahe<Jron,  is  then  generated.     The  modifications  which  eil 
thus  be  produced  of  the  original  or  primary  figure  (all  of  which  are  suljeotti 
exact  geometrical  laws)  are  very  numerous.     Several  distinct  modifieatiotf  ■ 
may  be  present  at  the  same  time,  and  thus  render  the  form  exeeeding^f 
complex. 

Fig.  152. 


Passage  of  cube  to  octahedron. 

It  is  important  to  observe,  that  in  all  these  deviations  from  what  na^ta 
regarded  as  tlio  primary  or  fundamental  figure  of  the  crystal,  the  modifyiif 
planes  arc  in  fact  the  planes  of  Jigures  belonging  to  the  same  natural  gmmf^t 
crt/8iallographieal  eystem  as  the  primary  form^  and  having  their  axes  eoinemii. 
with  those  of  the  latter.  The  crystals  of  each  system  are  thua^  subject  tot 
peculiar  and  distinct  sot  of  modifications,  the  observation  of  which  very  ft** 
quontly  constitutes  an  excellent  guide  to  the  discovery  of  the  primary  ftoi 
ItBolf. 

OyHtals  often  cleave  parallel  to  all  the  planes  of  the  primary  figure,  atil 
ou1i!urei)U8  Hpar,  which  offers  a  good  illustration  of  this  perfect  cleaTa|li 
8oniotinioa  one  or  two  of  these  planes  have  a  kind  of  preference  over  thenit- 
in  thin  rospoet,  the  cryv^tal  splitting  readily  in  these  directions  only. 

A  vory  civious  nuulifieation  of  the  figure  sometimes  occurs  by  the  ezoesiNl 
growth  of  ouch  alternate  piano  of  the  crystal ;  the  rest  become  at  length  obUi* 
teratod,  and  tho  crystal  assumes  the  character  called  hemihedral  or  halfsM. 
This  is  well  soon  in  the  production  of  the  tetrahedron  from  the  regular  oeta^ 
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Fig.  153. 


Passage  of  octahedron  to  tetrahedron. 

,  and  of  the  rhombobcdric  form  bj  a  similar  change  from  the  qaarti- 
bedron  already  figured. 

tions  of  Form  and  Constitution:  Isomorphism. — Certain  substances,  to 
A  similar  chemical  constitution  is  ascribed^  possess  the  remarkable  pro- 
»f  exactly  replacing  each  other  in  crystallized  compounds  without  alte* 
of  the  characteristic  geometrical  figure.  Such  bodies  are  said  to  be 
fkous  ^ 

example,  magnesia,  oxide  of  zinc,  oxide  of  copper,  protoxide  of  iron, 
Lide  of  nickel,  are  allied  by  isomorphic  relations  of  the  most  intimate 
.  The  salts  formed  by  these  substances  with  the  same  acid  and  similar 
tions  of  water  of  crystallization,  are  identical  in  their  form,  and,  when 
same  color,  cannot  be  distinguished  by  the  eye :  the  sulphates  of  mag- 
jid  zinc  may  be  thus  confounded.  The  sulphates,  too,  all  combine  with 
te  of  potassa  and  sulphate  of  ammonia,  giving  rise  to  double  salts, 
figure  is  the  same,  but  quite  different  from  that  of  the  simple  sulphates. 
^  this  connection  between  identity  of  form  and  parallelism  of  constitu- 
ms  through  all  their  combinations. 

;he  same  manner  alumina  and  sesquioxide  of  iron  replace  each  other 
aally  without  change  of  crystalline  figure;  the  same  remark  may  be 
)f  potassa,  soda,  and  ammonia,  with  an  equivalent  of  water,  or  oxide 
aonium,  these  bodies  being  strictly  isomorphous.  The  alumina  in  com- 
lum  may  be  replaced  by  sesquioxide  of  iron,  the  potassa  by  ammonia  or 
a,  and  still  the  figure  of  the  crystal  remains  unchanged.  These  replace- 
may  be  partial  only :  we  may  have  an  alum  containing  both  potassa  and 
Qia,  or  alumina  and  sesquioxide  of  chromium.  By  artificial  manage- 
-namely,  by  transferring  the  crystal  successively  to  different  solutions^ 
y  have  these  isomorphous  and  mutually-replacing  compounds  distri- 
in  different  layers  upon  the  same  crystal. 

these  reasons  mixtures  of  isomorphous  salts  can  never  be  separated  by 
Uization,  unless  their  difference  of  solubility  is  very  great.  A  mixed 
m  of  sulphate  of  protoxide  of  iron  and  sulphate  of  nickel,  isomorphous 
jrields  on  evaporation  crystals  containing  both  iron  and  nickcL  But  if 
evaporation  the  protoxide  of  iron  be  converted  into  sesquioxide  by 
le  or  other  means,  then  the  crystals  obtained  are  free  from  iron,  except 
f  the  mother-liquor  which  wets  them.  The  salt  of  sesquioxide  of  iron 
onger  isomorphous  with  the  nickel  salt,  and  easily  separates  from  the 

m  compounds  are  thus  found  to  correspond,  it  is  inferred  that  the  ele- 
composing  them  are  also  sometimes  isomorphous.  Thus,  the  metals 
irium,  zinc,  iron,  and  copper  are  presumed  to  be  isomorphous :  arsenio 
losphorus  have  not  the  same  crystalline  form,  nevertheless  they  are  said 
somorphous  because  arsenic  and  phosphoric  acids  give  rise  to  combina* 
rhich  agree  most  completely  in  figure  and  constitution.     The  chlorides^ 

*  From  7ff0Sf   equal,  and  /(^p^9>  shape  or  fomit 
20 


I 


280  OHEMTSTBY  OF  THE  METALS. 

lodidM,  bronildes,  and  flaarides  ngree,  irhenever  thej  ean  he  obMrred,  in  tlic 
moat  perrect  manner;  heaaii  Ihe  elements  them^elTes  are  believed  In  be  aita 
igcmorphf""-  Uii fortunately.  Tor  nbtioua  renBonB,  it  is  Tery  difficult  to  obsurr* 
(he  cr;9inlliua  iiEiirt?  af  moxC  of  ibe  rlcmentary  bodies,  and  tliifi  di Scull j  it 
Increased  bj  tin  frequent  diraorpiiiam  Ihey  eiliibit. 

Absolute  identity  of  vnlue  in  the  angloE  of  oryitnlii  ia  not  aiwnjs  exhibited 
by  iBomorphoua  wituitnnDea.  In  other  worda,  smnll  mriBtiooB  often  oceni  in 
the  ntaginitude  of  the  angles  of  eryataU  of  compouadB  irbich  in  all  other 
reapecte  »hoir  Ihe  cloaest  isomorpliic  relations.  This  ahonld  oocueion  no  no- 
prise,  na  there  nro  reasons  why  sach  Tarintiona  might  be  expooted,  the  chief 
perhiipe  being  the  unequal  effccla  of  expansion  by  beat,  by  which  the  anglei 
of  the  BBme  orystal  are  changed  by  aKeralion  of  temperatnre,  A  good  einmjls 
ia  found  in  the  caao  of  (he  carbonates  of  lime,  magnesia,  manganese,  iron,  aal 
lino,  which  are  found  nalira  oryBtalliied  in  the  form  of  obtuse  rhombohedm 
(Sgg.  161,  8),  not  diatinguiahable  from  each  other  by  the  eye,  or  eTen  by  lh> 
dommon  goniometer,  but  showing  small  differences  when  einmined  by  thi 
more  accurate  inatrument  of  Dr.  Wollaston.  These  oompouiidB  are  iaomoi^ 
phoufi,  and  tho  measurements  of  the  obtuse  uiiglea  of  their  rbambobedra  ir« 

Carbonate  of  lime lOS"    5' 

"  magnesia 1 07"  25' 


"  line lOT  vy 

AnomsJiea  in  the  con 
threw  much  obscurity  n 
■ure  explained  by  these  di.acoreriea. 

Speoimens  of  the  same  mineral  from  different  localities  were  found  to  afoi4 
Tery  discordant  results  an  analysis.  Bill  the  proof  once  given  of  Ibe  eiieit 
to  which  substitution  of  isomopphous  bodies  may  go  without  dealruclion  of 
what  may  be  called  the  primitive  type  of  the  compound,  these  difficnllia 

Another  benefit  conferred  on  science  by  the  discoeries  in  question,  la  Ibst 
•f  furnishing  a  reftlly  philoaophioal  method  of  classifying  elemeritsry  wA 
Mmpouud  substances,  so  as  lo  exhibit  their  natural  relation sliips :  it  would  ba 
perhaps  more  proper  to  say  that  such  will  be  Ihe  case  when  the  isoraorpMs 
relations  of  all  the  elementary  bodies  become  known.  —  at  present  only  a  cer- 
tain number  have  been  traced. 

Deoision  of  a  doubtful  point  concerning  the  constitution  of  a  compeoDil 
may  now  and  then  be  very  satisfactorily  made  by  a  reference  to  this  same  la" 
of  isomorphism.  Thus,  alumina,  the  only  known  oxide  of  alurainnm,  is 
judged  to  be  a  lesquioiide  of  the  meta)  from  its  relation  to  seaquioxide  of 
iron,  which  ia  certainly  so ;  the  black  oiide  of  copper  is  inferred  to  be  r«Bj 
the  protoxide,  although  it  contnlna  twice  as  much  oxygen  as  the  red  oxiil^ 
because  it  ia  isomorphous  witii  magnesia  and   linc,   both  undoubted  pntt- 

The  subjoined  table  wtll  serve  to  convoy  some  idea  of  tho  most  important 
families  of  isomorphons  elementa;  it  ia  taken  from  Professor  Qrahun'a  Iji- 
tematic  work,*  to  which  the  pupil  is  referred  for  fuller  delaits  on  UiiB  inla1«l> 
big  subject. 
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Isomorphous  Groups 


(1) 

Snlphor 

(3.) 

(7.) 

Barium 

Sodium 

Selenium 

Strontium 

Silver 

Tellariam. 

Lead. 

Gold 

(2.) 

(4.) 

Potassium 

Magnesium 

Tin 

Ammonium, 

Galcinm 

Titanium. 

(8.) 
Chlorine 

Manganese 

(5.) 

Iron 

Platinum 

Iodine 

Cobalt 

Iridium 

Bromine 

Nickel 

Osmium. 

Fluorine 

Zinc 

(6.) 

Cyanogen, 

Cadmium 

Tungsten 

(9.) 

Copper 

Molybdenum 

Phosphorus 

Chromium 

Tantalum. 

Arsenic 

Aluminum           * 

Antimony 

Beryllium 

Bismuth. 

Vanadium 

Zirconium. 

There  is  a  law  concerning  the  formation  of  double  salts  which  may  now  be 
ntioned ;  the  two  bases  are  never  taken  from  the  same  isomorphous  family. 
phate  of  copper  or  of  zinc  may  unite  in  this  manner  with  sulphate  of  soda 
potassa,  but  not  with  sulphate  of  iron  or  cobalt ;  chloride  of  magnesium 
y  combine  with  chloride  of  ammonium,  but  not  with  chloride  of  zinc  or 
kel,  &c.  It  will  be  seen  hereafter  that  this  is  a  matter  of  some  importance 
the  theory  of  the  organic  acids. 

Folffbasic  Acids. — There  is  a  particular  class  of  acids  in  which  a  departure 
mrsfrom  the  law  of  neutrality  formerly  described :  these  are  acids  requiring 
)  or  more  equivalents  of  a  base  for  neutralization.  The  phosphoric  and 
lenic  acids  present  the  best  examples  yet  known  in  mineral  chemistry ;  but 
the  organic  department  of  the  science  cases  very  frequently  occur. 
Phosphoric  acid  is  capable  of  existing  in  three  different  states  or  modifica- 
OS,  forming  three  separate  classes  of  salts,  which  di£fer  completely  in  pro- 
rties  and  constitution.  They  are  distinguished  by  the  j^mes  tribasiCj  bibasie^ 
1  monobasic  acids,  according  to  the  number  of  equivalents  of  base  required 
form  neutral  salts. 

JMbasie  or  Common  Phosphoric  Add. — When  commercial  phosphate  of  soda 
dissolved  in  water,  and  the  solution  mixed  with  acetate  of  lead,  an  abun"- 
at  white  precipitate  of  phosphate  of  lead  falls,  which  may  be  collected  on 
ilter,  and  well  washed.  While  still  moist,  this  compound  is  suspended  in 
(tilled  water,  and  an  excess  of  sulphuretted  hydrogen  gas  passed  into  it. 
e  protoxide  of  lead  is  converted  into  sulphide,  which  subsides  as  a  black 
lolable  precipitate,  while  phosphoric  acid  remains  in  solution,  and  is  easily 
prived  of  the  residual  sulphuretted  hydrogen  by  a  gentle  heat. 
The  soda-salt  employed  in  this  experiment  contains  the  tribasic  modification 
phosphoric  acid.  Of  the  three  equivalents  of  base,  two  consist  of  soda  and 
e  of  water :  when  mixed  with  solution  of  lead,  a  tribasic  phosphate  of  the 
ide  of  that  metal  falls,  which,  when  decomposed  by  sulphuretted  hydrogen, 
jlds  sulphide  of  lead  and  a  hydrate  of  the  acid  containing  three  equivalents 
water  in  intimate  combination. 
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_;,  2  eq.  tueUte  of  sod&. 


Iribneic  phosphals 


2NaO,HO,PO,  +  3PbO,  A   =  aPbO.PO,  +  HO.A  +  2{N«0,'A) 


is  cq.  lend 
3   „  aijgen 
I    „  pfaoa-  'I 
phoricaoUf 
B  eq.  Bulpbnretted  S  3  eq. 


hydrogen 


8PbO,PO, 


3  eq.  sulphide  ofiaaA. 


The  Bolution  of  the  ti 
by  eTftporation  tn  vacui 
quesDent  plntea.      The  ] 
of  Bngar-candy,  hog  been  HC 
boiling  Tith  water,  hut  when 
combined  water,  nnd  becomi 


t  insolabla  i 


I  hydrate  of  phoBphorio  acid  tnnybe  concenfa 
siilphurio  acid  until  it  orjEtallizes  in  thin 
iompouad  In  beantirul  crystals,  reBembling  1 
ildenlully  furmcd.'  It  undergoea  no  ohuig 
hEBted  alone  to  400°  (204'-4C)  loseB  EOme  i 
cnnTertod  into  a  mixture  of  the  bibasieand 
uobanio  hydrntea.  At  a  red  heat  it  becomes  entirely  changed  tomoDObj 
irhicb,  at  a  still  higher  temperature,  sublimes. 

Tribaeio  phoEphorio  acid  ia  uhaiacterized  by  the  yello 
forms  with  protoxide  of  silver. 

Sibaiie  Phoiphoric  Add,  or  Fyrophosphoric  Acid. — When 
0f  aods,  coutainiDg 

2NiiO,HO,PO(  +  24HO, 
1b  gently  boated,  the  2i  equiTalents  of  Tratcr  of  cryBtnlliiation  are  etpe 
»nd  the  imlt  becomes  anbydrons  ;  but  if  the  heat  ba  raised  to  a  higher  p 
the  basio  water  is  also  drlren  off.  and  the  acid  paseea  into  the  EeooDd  n 
basic  modiSontion.  If  the  altered  snh  be  now  dissolved  in  water,  Thil 
compoond,  the  bibasio  phosphate  of  soda,  crjstalliieii  out.  When-mixed' 
■ointion  of  aoetnle  of  lead,  bibasic  phosphate  of  lend  is  thrown  down,  id 
decompoaed  by  snlpbaretted  hydrogen,  furnishes  a  solution  of  tha  Ut 
hydrate.  This  solution  may  be  preserved  without  change  at  common  ta 
ratUTBB;  but  when  heated,  an  equlTalenl  of  water  is  taken  up,  aud  thai 
Stance  passes  buck  again  iolo  the  tHbnsic  modificniioD, 

Crystals  of  this  hydrate  have  also  been  observed  by  M.  Pfiligot  Thel»] 
duction  was  accidental.  The  btbasic  phosphates  soluble  iti  witter  giTea  H 
precipitate  with  Eolution  of  siWer. 

HonobaiU,  or  Mitapho^hone  Acid, — When  common  trihnBio  phoaphall 

da  is  mixed  with  solution  of  tribaaic  hydrate  of  phosphoiic  aeid,  aad 

posed,  after  proper  concentration,  to  a  low  temperature,  prisma^tis  Cfyl 

are  obtained,  which  consist  of  a  phosphate  of  soda  having  two  equivaleWl 

NftO,2HO,PO,  +  2H0. 

When  this  salt  is  xlry  strongly  heated,  both  the  water  of  orystallijatiiiai 

Biat  contained  in  the  hnae  are  eipelled,  and  motiobneic  phoFphale  df  ■ 

Ine.      This  may  be  dissolved   in  cold  water,  precipitated  with  acetatt 

,  and  the  lead-aalt  as  before  deeompoHfld  by  siilphuri'ItGd  hydrogsn. 

The  solution  of  the  monobaeio  hydrate  ia    decomposed   rapidly  tif  * 

PiUgot,  &DD.  CUiB. «.  Vat*.  luiU.  286. 
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bowtming  oonTerted  into  tribneie  hjdnite.  It  possesses  the  property  of  eoaga- 
latiag  albnmen,  which  iB  not  enjojBd  bj  either  of  the  preceding  modiEoationB. 
Moiiobusid  alkEtUae  pboRphii<«s  precipitate  aitriito  uf  silver  white. 

The  glaciiki  phosphorio  uaid  of  plinrmaa;  is.  when  pure,  hjilrate  of  mono- 
basia  phosphoric  acid  ;  it  contMn»  HO,  PO,. 

Anhydrous  pbosphorio  acid,  prepared  by  buiniTig  pliosphorua  in  dry  air, 
■when  thrown  into  water,  forma  a  miitnre  in  yariable  proporlions  of  the  three 
bjdmtes.  When  bealed,  it  Bolatioa  of  the  tiibasio  bydrate  alone  Temains.' 
See  Kiao  phosphates  of  soda. 

Binary  Thtory  of  Sail), — The  great  reseniblnnoe  in  properties  between  the 
two  classes  of  sal.oe  coinpaundB,  the  haloid  and  oiy-salts,  has  Tery  naturally 
led  to  the  supposition  that  both  might  pasaibl;  be  alike  constitnted,  and  tJiat 
the  latter,  iusCead  of  being  considered  compouDds  of  ao  oiide  and  an  acid, 
night  with  greater  propriety  be  considered  to  contain  a  metal  in  union  with  a 
compound  salt-radicai,  haying  the  chemical  relatione  of  chlorine  and  iodine. 

On  this  supposition  sulphate  and  nitrate  of  potassa  will  be  constituted  in 
the  same  manner  as  ohloride  of  potassium,  the  compound  radical  repladng  tba 

OW  Tie-.  Kew  Tlew. 

KO+SO,  K4  SO, 

KO+NO,  K+NO, 

HydTBited  sulphuric  acid  wilt  be,  like  bydrochloric  acid,  a  bydride  of  a  Bait 

H+SO, 

TTheo  the  latter  nets  npon  metallic  lino,  tbe  hydrogen  ia  simply  displaaed, 
mnd  the  loeial  BubHtituted ;  no  decomposition  of  water  is  Eupposed  to  oocor, 
and,  eonsequently,  the  difficulty  of  tbe  old  hypothesis  is  at  an  end.  When  the 
aotd  IB  poured  upon  a  metallic  oxide,  tbe  same  reaction  occnrs  as  in  the  ease 
of  hydrochloric  neid,  water  and  a  haloid  salt  are  produced.  All  acids  mnsC 
be,  in  fact,  hydrogen  acids,  and  all  salts  haloid  salts,  with  either  Bimple  or 
compound  radicals. 

This  simple  and  beautiful  theory  is  not  by  any  means  new ;  it  was  aug- 
gealed  by  Dary,  who  proposed  to  consider  hydrogen  as  the  acidifying  prin- 
eiple  in  the  common  acids,  and  lately  reTived  and  very  happily  illustrated  by 
Iiiet>ig.  It  is  supported  by  a  good  deal  of  evidence  derived  from  variouB 
wurces.  oud  bas  received  groat  help  from  a  series  of  exceedingly  interesting 
uperiments  on  the  electrolysis  of  saline  solutions,  by  the  late  FtofesBor 
DuiielL*  The  neceBsity  of  creating  a  great  number  of  unknown  compouads 
ta  often  urged  as  an  objection  to  the  new  view ;  but  tlie  same  objection  applies 
hi  the  old  mode  of  oonsideriag  the  subject.  Hyposulpbuious  acid  and  hypo- 
•ulpharic  acid  are  unknown  in  llieir  free  states.  The  compounds  8,0,  and 
Bpg  are  as  hypothetical  as  the  substances  S,0,  and  B,0,.  The  same  remark 
t|ipliaB  to  almost  every  one  of  the  organic  acids;  and,  what  is  well  worthy  of 
notice,  those  acids  which,  like  sulphuric,  phosphoric,  and  carbonic  acids,  may 
be  uhlaioed  in  a  separate  state,  are  datilute  of  all  acid  properlits  to  long  ai  ihl 
viAtiroui  ccadUioti  ii  relained. 

The  general  a|rplicat!on  of  the  binary  theory  still  presents  a  few  difficnitiea. 
Sot  it  IB  very  probable  (bat  the  progress  of  discovery  will  uldmatety  lead  to 
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OLABSmCATIOV  OF  lUTALf. 
1. 

MetaJt  of  Ae  AlkaJiit. 

PotMsiam  Lithium 

Sodium  Ammonium.  ^ 

2. 

Meialt  of  th$  AlkaUnt  Earihi. 

Barium  Calcium 

Strontium  Magnesium. 

8. 
MetdU  of  ihi  "Eartht  JPtoper. 


Aluminum 

Norium 

Beryllium 

Thorium 

Yttrium 

Cerium 

Erbium 

Lanthanum 

Terbium 

Didymiuip. 

Zirconium 

4. 

Oxidable  MetaU  Proper ,  whote  Oxidei  form  potvefful  f  oiNi 

Manganese 

Zinc 

Iron 

Cadmium 

Chromium 

Bismuth 

Nickel 

Lead 

Cobalt 

Uranium. 

Copper 

6. 

Oxidable  Metah  Proper j  whoee  Oxidei  form  weak  Baeee^  or  Adbt 

Vanadium  Tin 

Tungsten  Antimony 

Molybdenum  Arsenic 

Tantalum  Tellurium 

Niobium  Osmium. 
Titanium 

6. 

Metale  Proper,  whose  Oxides  are  reduced  hy  Heat;  Noble  Mekih* 

Gold  Palladium 

Mercury  Lridium 

Silver  Ruthenium 

Platinum  Rhodium. 

^  This  hypotbetioal  snbstanoe  k  merdy  pteoed  with  the  metals  tar  the  sdnof 
I  will  be  apparent  in  tbe  seqneL 
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SECTION   I. 

METALS  OF  THE  ALKALIS 


POTAaSIUX. 


PoTAnnnf  was  diseoTered  by  Sir  H.  Dstj  In  1807,  who  obtiited  it  in  rery 
MttO  qasDtitj  by  exposing  a  piece  of  moUtened  hydrate  of  pocui«a  to  the 
*^  of  a  powerfol  voltaic  battery,  the  alkali  being  placed  between  a  pair  of 
ibdono  plates  pat  into  connection  with  the  apparatus.  Processes  hare  siac« 
Neoderised  for  obtaining  this  carious  metal  in  almost  any  qoantity  that  can 


An  intimate  mixture  of  carbonate  of  potassa  and  charcoal  is  prepared  by 
^ikioiiig,  in  a  covered  iron  pot,  the  crade  L*irtar  of  commerce ;  when  cold  it 
tirabbed  to  powder,  mixed  with  one-tenth  part  of  charcoal  in  small  lamps, 
lad  quickly  transferred  to  a  retort  of  stoat  hammered  iron :  the  latter  may  be 
me  of  the  iron  bottles  in  which  mercury  is  imported,  a  short  and  somewhat 
vide  iron  tube  having  been  fitted  to  the  aperture.  The  retort  is  placed  ap<m 
^  side,  in  a  fomace  so  constructed  that  the  flame  of  a  very  strong  fire,  fed 
vith  diy  wood,  may  wrap  round  it,  and  maintain  every  part  at  a  uuiform 
^CfSree  of  heat,  approaching  to  whiteness.  A  copper  receiver,  divided  in  the 
cntre  by  a  diaphragm,  is  connected  with  the  iron  pipe,  and  kept  cool  by  the 
ippBcatioft  of  ice,  while  the  receiver  itself  is  partly  filled  with  naphtha  or 
lod-oil,  in  which  the  potassium  is  to  be  preserved.  Arrangements  being  thus 
MDpleted,  the  fire  is  gradually  raised  until  the  requisite  temperature  is 
ittohed,  when  decomposition  of  the  alkali  by  the  charcoal  commences,  car- 
bonie  oxide  gas  is  abundantly  disengaged,  and  potassium  distils  over,  and  falls 
Ia  large  melted  drops  into  the  liquid.  The  pieces  of  charcoal  are  introduced 
fiff  the  pnrpose  of  absorbing  the  melted  carbonate  of  potassa,  and  preventing 
^  separation  from  the  finely-divided  carbonaceous  matter. 

If  the  potassium  be  wanted  absolutely  pure,  it  must  be  afterwards  re-dis- 
fi&ed  in  an  iron  retort,  into  which  some  naphtha  has  been  put,  that  its  vapor 
^7  expel  the  air,  and  prevent  oxidation  of  the  metal. 

Pota^ium  is  a  brilliant  white  metal,  with  a  high  degree  of  lustre ;  at  the 
^mon  temperature  of  the  air  it  is  soft,  and  may  be  easily  cut  with  a  knife, 
^  at  S2?  {(yC)  it  is  brittle  and  crystalline.  It  melts  completely  at  I860 
J57«77C),  and  distils  at  a  low  red  heat.  The  density  of  this  remarkable  metal 
^  only  0*865,  water  being  unity. 

Exposed  to  the  air,  potassium  oxidizes  instantly,  a  tarnish  covering  the  sur- 
^  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic  potassa.  Thrown 
1^  water,  it  takes  fire  spontaneously,  and  bums  with  a  beautiful  purple 
"*0)e,  yielding  an  alkaline  solution.  When  brought  into  contact  with  a  little 
*iter  in  a  jar  standing  over  mercury,  the  liquid  is  decomposed  with  great 
'"ngTi  &nd  hydrogen  liberated.  Potassium  is  always  preserved  under  the 
^Ace  of  naphtha. 

Ae  equivalent  of  potassium  (kalinm)  is  Z9 ;  and  its  symbol,  K. 

Ihere  are  two  compounds  of  this  metal  with  oxygen, — potassa  and  teroxide 
'  pottaaiiim. 


f  0TA.86I 

P0TA8*A,  FOTADB,  Or  PBOtOXlDE  Ot  POTMBIIIH,  KO,  IS  proclnecd  vheD  potw- 
linm  is  tiented  in  dry  nir  :  Ibe  melal  burns,  nnd  becomes  enlirelj  coDTarW 
into  n  Tolslile,  Tuaible,  while  subBtsace,  nhicti  ia  aahjdroos  potaseo.  Hd«t> 
sued  wilh  water,  it  eiolvee  peat  bent,  and  fenna  the  bydrate. 

The  bydmte  of  potiBBS,  K0,HO,  is  a  'ery  importsut  Bubstanae,  and  one 
great  practical  ntilit;.     It  ia  always  prepnred  for  use  by  decomposing  tbe  ci 
bonate  by  bydrato  of  lime,  as  in  Ibe  fnUowing  process,  wbioh  is  vary  oon' 
nient:  — 10  parts  of  carbonate  of  polnbisa  are  diasolied  in  100  parts  of  wal 
and  heated  tu  ebullition  in  a  clean  Dntinneil  iron,  or  atdll  better,  silvsr 
8  parts  of  good  quicklime  are  meanwhile  slaked  in  a  coiercd  bnain,  i 
TesuUing  bydrate  of  lime  added,  little  by  Utile,  to  the  boihng  solution  of 
bonatfl,  wilh  frequent  Barring.     When  all  Ihe  lime  has  been  iutrodDced,  4 
mixture  ia  snffered  to  boil  for  a  few  minutes,  and  then  removed  from  the  '  ' 
and  ooTered  up.      In  the  course  of  a  very  short  time,  the  aolution  will  1  _ . 
became  quite  clear,  and  fit  for  decanlatiou,  Ihe  carbonale  of  lime,  with  tM 
ciceas  of  hydrate,  settling  down  as  a  heavy,  eandy  preoipilale.     Tbe  solutial 
ahoald  not  efferreseo  with  acids.  • 

It  is  essenlial  in  this  proceaa  that  the  solulion  of  carbonate  of  potssskl 
aitute,  otherwise  the  decomposition  becomes  imperfect.  The  proportion  < 
lime  reoommeDded  is  much  greater  than  that  required  by  theory,  but  it 
always  proper  to  have  an  excess. 

Tbe  Boluiion  of  hydrale,  or,  ne  it  Is  commoQly  called,  caustic  potaasa,  a| 
bs  CDDContratod  by  quick  evaporation  in  the  iron  orsiWcr  vessel  to  sDyderiA 
extent:  when  heated  until  vapor  of  water  ceases  to  be  disengaged,  and  th 
iuffered  to  cool,  it  funiiahea  tbe  aolid  hydjnte,  containing  siugle  equivcln 
of  polassa  and  water. 

Pare  hydrate  of  potassa  may  also  be  easily  ohtaiued  by  beating  to 
for  half  an  boar  in  a  oovercd  copper  vessel  one  part  of  pure  powderad 
with  two  or  three  parts  of  finely-divided  copper  foil.     The  tnnss,  whw  cM,i 
treated  with  water.     This  compound  is  a  white  solid  sabstanoc,  very  '  " 
oent  and  soluble  in  water;  alcohol  also  dissolves  it  freely,  which  ia 


I 


substance  possesses,  in  the  very  highest  degree,  tbe  properties  termed  dt 
line :  it  restores  tbe  blue  color  to  litmus  which  has  been  reddened  by  an  i^ 
ueutraliies  completely  tbe  most  powerful  acids  j  baa  a  nnuseoua  and  peonli 
taste,  and  dissolves  Ihe  skin,  and  many  other  organic  matters,  when  tbe  UUff 
are  subjected  to  its  action.  It  is  frequently  naed  by  snrgeoas  as  a  i 
being  moulded  into  little  sticks  for  that  pnrpose. 

Hydrate  of  potassa,  both  in  the  solid  stnte  and  in  solution,  rapidly 
oarboBic  acid  from  tbe  air  ;  hence  it  must  be  kept  in  closely-stopped  holM 
When  imperfectly  prepared,  or  partly  altered  by  exposure,  it  efferveBCMw™ 
an  acid. 

The  water  in  this  compound  cannot  be  displaced  by  beat,  the  hydrate  volic 
tilizing  as  such  al  a  very  high  temperature. 

Tbe  folloiring  table  of  the  deosilies  and  value  in  real  alkali  of  di 
(olntions  of  hydrate  of  potassa  is  given  on  tbe  authority  of  Dr.  Dolton: 
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Tbboxide  or  POTAsaiuu,  KO,. — Thia  is  a,a  omnge-fellow  fusible  EubBtnnee, 
geoernU-ii  when  potassium  is  burned  in  excess  of  dry  oiygcn  pna,  and  also 
furmed  id  n  small  exteiit,  when  hydrate  tif  putiBsa  is  long  oxpi>sed,  is  a  melted 
■tftte,  to  the  air-  When  nitre  is  decompnsi^d  by  a  strung  heo.!,  peroxide  uf 
potiu^iiim  Is  rtlso  produced.  It  is  decompbacd  by  wiLte'r  into  potus^a,  nbich 
nnites  nith  the  loitter,  and  into  oxjgen  gas. 

CaBbOnats  or  fotaSba,  K(),C0,+2H0. — Saltsofpotassa  containing  a  vege- 
table uoid  are  of  oonstatil  ocaurrence  in  plants,  nhorc  they  perruim  important, 
but  not  }'el  perfectly  undersliiul,  functions  in  tlic  ecuiioniy  of  those  beings. 
The  potii»B]i  is  deiired  from  the  soil,  nhich,  when  capable  of  supporting  rege- 
teble  life,  always  contains  that  substance.  When  pktits  lire  burned,  the  urgania 
Mids  are  destroyed,  and  tbe  patasaa  left  in  the  state  of  carbonate. 

It  is  by  these  indirect  means  that  enrbonate,  aud,  in  fact,  nearly  all  the 
BlItB  of  pocuHsa,  ore  obttiined ;  the  great  natural  depositary  of  llie  alkali  is  the 
felspar  of  grauitio  and  other  nnstratified  rocks,  where  it  is  combiued  witli 
•iliott,  and  in  an  insoluble  state.  Its  extmcticn  llienca  is  attended  with  too 
tnany  diScultiefl  to  be  attempted  on  the  large  scale;  but  nheti  tliese  rocks 
disiat^grate  into  soils,  and  the  alkali  ncquiros  aolubility,  it  is  gradually  taken 
up  by  plants,  and  accuuiulutea  in  their  substance  in  a  condition  highly  favor- 
tble  to  its  subsequent  applications. 

Fotassa-salts  are  always  most  abundant  in  the  green  and  tender  parts  of 
|>lHDta,  as  may  be  expected,  since  from  these  evaporation  of  nearly  pure  water 
lakes  place  to  a  large  extent;  the  solid  timber  of  forest  trees  coutaina  oota- 
paratively  little. 

In  preparing  the  salt  on  an  eztenaive  scale,  the  ashes  are  subjeeted  to  a 
process  called  liiiviation:  they  are  put  into  a  large  cask  or  tun,  haviug  an 
aperture  near  the  bottom,  stopped  by  ii  plug,  and  a  <)uautity  of  water  is  added. 
After  Bume  hours  the  liquid  is  drann  off,  and  mare  water  added,  that  the  whole 
of  the  soluble  matter  may  be  removed.  The  weakest  solutiuna  are  ponred 
upon  fresb  quantities  of  asb,  io  plnce  of  water.  The  solutions  are  then 
flTsporuted  to  dryness,  and  tlic  residue  calcined,  Co  remove  a  little  brown 
erganic  matter:  the  products  are  the  crude  putash  aud  pearlasb  of  commerce, 
of  wbich  very  large  quantities  are  obtained  from  Russia  and  Amvrioa. 

This  salt  is  very  impure;  it  contains  silicate  and  sulphate  of  potat>Ba, 
sbloride  of  potassium,  &c. 

Tbe  poriGod  carbonate  of  potaa.'^a  of  pharmacy  is  prepared  from  the  crade 
•rtiole  by  adding  an  equal  weight  of  cold  water,  agitating,  and  filtering:  most 
of  tbe  foreign  salts  are,  from  their  inferior  degree  of  solubility,  left  behind. 
The  solution  is  then  boiled  down  to  a  very  small  bulk,  and  suffered  to  ecol, 
when  the  carbonate  separates  in  small  cryatals  containing  2  equiv.  of  water, 
wbieb  are  drained  from  the  molher-liquor,  and  then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red-heat  piu-lfied  cream 
of  tartar  (acid  tartrate  of  potassa),  and  separating  the  carbonate  by  solution 
in  water  and  crystallization,  or  evaporation  to  dryness.' 

Carbonate  of  potasan  la  extremely  deliquescent,  and  soluble  in  less  than  Its 
ttwn  weight  of  water  ;  tbe  solution  is  highly  alkaline  to  test  paper.  It  is  in- 
•olnble  In  alcohol.  By  heat  the  water  of  cryatalliiation  is  driven  off,  and  by 
a  lemperature  of  full  ignition  the  salt  is  fused,  but  not  otherwise  chauged. 
this  BubiiUnce  is  largely  used  in  the  arta,  and  1b  a  compound  of  great  im- 
portanoe. 

Bicarbonate  op  potassa,  KO,CO,-t-  HO,COy— When  a  stream  of  carbonio 
aeid  goa  is  passed  tliruugh  a  cold  solution  of  carbonate  of  potassa,  the  gas  ii 
rapidly  absorbed,  and  a  white,  crystalline,  and  leas  soluble  substance  separated, 

'OrrnlaTiDrtdcBrlnBitiiirban  eipoaed  tobeatiMil  purs  cubDnate.  Tn  nutnrcllDii  nirhaiiata 
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irliioh  U  th«  new  aompoand.     It  is  collecleit,  pressed,  re-disnolTed  !n  w^ 
WBler,  anJ  the  aoliHion  loft  to  crystQlUio. 

Bioirbonate  of  potubsn  is  mucii  Um  soluble  than  simple  cnrbooBl*; 
reiiuirHs  far  tbil  purpoaa  4  pnrla  of  cold  water.  Tbe  eolution  ia  nearly  neDl) 
to  test-pnper,  spd  has  a  muoli  milder  tnste  than  tbe  preceding  salt.  Vb 
bolted,  carboDia  acid  is  diEoognged.  The  crj^atala,  wliich  are  liirge  anil  1mh 
fill,  ileli*e  their  form  from  a  right  rhomliic  pri^m ;  thej  lire  deoompoBad: 
henl,  water  and  carbcDio  acid  being  extricated,  and  siaiplc  carbonate  t 

NiTBUTE  orPOTABSi;  HiTHi;  BAI.TFETBR.  EO,NO,.  — TMb  important  bs 
ponod  18  a  nnlural  p-odact,  boiiig  liisangnged  by  a  kind  of  efflorescence  fh 
the  tinrface  of  the  eoil  in  certaiii  drj'  and  but  conntries.  It  mitj  also  be  p 
duced  iiy  artificial  means,  namel;,  bj  the  oxidation  of  amuioDia  in  preset 
of  a  powerful  bnae. 

In  France,  large  quanlities  of  artificial  nitre  are  prpparod  b;  mixing  taia 
refase  of  sU  kinda  with  old  morlar  or  bj'dratc  of  lime  nnd  earth,  and 
tbe  mixture  in  heaps,  protected  from  (he  rain  b;  a  roof,  bat  frcel;  eipoaad 
the  air.  From  lime  to  time  the  heapH  are  watered  with  putrid  urine,  audi 
moBs  turned  oier,  to  expose  frcBh  aurfaoas  to  tbe  air.  When  maeh  «Jt  I 
been  formed,  the  mixture  ia  liiiTialed.  and  the  snlutioo,  which  eoniains  nita 
of  lime,  mixed  with  carbonate  of  potnssa  ;  ciirbanalo  of  lime  ia  formed,  i 
the  nitric  acid  Iranefarred  to  the  alkali.  The  filtered  aolnlion  is  then  mads 
eryetollise,  and  the  crystals  purified  by  re-so!utinn  nnd  crystalliiatiol,  1 
liquid  being  stirred  lo  prcreut  the  fonnation  of  large  cryetals.  ' 

All  the  nitre  used  in  this  Country  cornea  from  the  East  lodiea;  it  ii  dinoh 
in  water,  a  little  carbonate  of  polaHsa  added  to  precipitate  lime,  and  thMt 
ialt  purified  aa  abate.  ■ 

Nitrate  ot  poCasna  orj'stallltfa  in  anhjdrous  aix-eided  prisma,  irilh  dihed 
BUmmitB:  it  is  soluble  iu  7  parts  of  water  at  60°  (15°'&C),  and  in  iliO 
weight  of  bolting  water.  Its  loate  is  saline  and  cooling,  and  it  il  nlU 
action  on  vegetable  colorB.  At  a  temperature  below  redness  it  melts,  uAi 
a  strong  heat  is  completely  decomposed. 

When  thrown  on  the  snrface  of  many  metals  in  a  stale  of  fusion,  orwkl 
mixed  with  combustible  mailer  and  heated,  mpid  oxidation  ensues,  at  UmI 
pense  of  the  oxygen  of  the  nitric  acid.  Examples  of  auch  miiloresaraft* 
in  common  gunpowder,  and  in  nearly  all  pyrotechnic  compositions,  which  hn 
in  this  manner  independently  of  the  oxygen  of  the  air.  and  eren  under  WM 
Gunpowder  ia  made  by  Tcry  intimately  mixing  together  nitrate  of  polaM 
charcoal,  and  aulpbur,  in  proportions  which  approach  1  eq.  nitre,  8  >q.  HlW 
1  eq.  sulphur. 

These  quantiliea  give,  reckoned  to  100  parts  and  comjiarod  with  OiB  pi* 

I    portions  osed  iu  tbe  manufacture  of  the  English  Government  powdor,"^ 

fidlowiug  resulta :  — 


Nitrate  of  p0lM84 74-8 

Charcoal 13-8 

Snlphur ll'O 


le  nitre  Is  rendered  very  pure  by  the  means  already  mentioned,  tned  IfM 
r  by  fusion,  and  groand  to  fine  powder ;  the  sulphur  and  charcoal,  »< 
k  Utter  being  made  from  light  wood,  as  dogwood  or  elder,  are  also  finely  gf*"?)) 
'  :r  which  tbe  materials  are  weighed  out  moistened  with  waler,  and  lbotDiig>7 


■  Dr.  U'CDlloch.  Xi 
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mixed,  by  grinaing  under  an  edge-mill.  The  mass  is  then  subjected  tci  great 
pressure,  and  the  mill-cake  thus  produced  broken  in  pieces,  and  placed  in 
Bieves  made  of  perforated  vellum,  moved  by  machinery,  each  containing,  in 
addition,  a  round  piece  of  heavy  wood.  The  grains  of  powder  broken  off  by 
attrition  fall  through  the  holes  in  the  skin,  and  are  easily  separated  from  the 
dust  by  sifting.  The  powder  is,  lastly,  dried  by  exposure  to  steam-heat,  and 
sometimes  glazed  or  polished  by  agitation  in  a  kind  of  cask  mounted  on  an 
axis. 

When  gunpowder  is  fired,  the  oxygen  of  the  nitrate  of  potassa  is  transferred 
to  the  carbon,  forming  carbonic  acid;  the  sulphur  combines  with  the  potas- 
nam,  and  the  nitrogen  is  set  free.  The  large  volume  of  gas  thus  produced, 
and  still  farther  expanded  by  the  very  exalted  temperature,  sufficiently  accounts 
for  the  explosive  effects. 

Sulphate  op  potassa,  KO,SOj. — The  acid  residue  left  in  the  retort  when 
nitric  aoid  is  prepared  is  dissolved  in  water,  and  neutralized  with  crude  car- 
bonate of  potassa.  The  solution  furnishes,  on  cooling,  hard  transparent 
erystals  of  the  neutral  sulphate,  which  may  be  re-dissolved  in  boiling  water, 
and  re-crystallized. 

Sulphate  of  potassa  is  soluble  in  about  10  parts  of  cold,  and  in  a  much 
smaller  quantity  of  boiling  water ;  it  has  a  bitter  taste,  and  is  neutral  to  test- 
paper.  The  crystals  much  resemble  those  of  quartz  in  figure  and  appearance ; 
they  are  anhydrous,  and  decrepitate  when  suddenly  heated,  which  is  often  the 
ease  with  s^dts  containing  no  water  of  crystallization.  They  are  quite  insolu- 
ble in  alcohol. 

BisuLPHATB  OP  POTASSA,  K0,S08-|- HO,SOg. — ^hc  neutral  sulphate  in 
powder  is  mixed  with  half  its  weight  of  oil  of  vitriol,  and  the  whole  evapo- 
rated quite  to  dryness  in  a  platinum  vessel,  placed  under  a  chimney ;  the  fused 
salt  is  dissolved  in  hot  water,  and  left  to  crystallize.  The  crystals  have  the 
figure  of  flattened  rhombic  prisms,  and  are  much  more  soluble  than  the  neutral 
salt,  requiring  only  twice  their  weight  of  water  at  60°  (16°-6C),  and  less  than 
half  that  quantity  at  212°  ( 100°C).  The  solution  has  a  sour  taste  and  strongly- 
acid  reaction. 

BisuLPHATB  OP  POTASSA,  ANHYDROUS,  KO,2S08. — Equal  weights  of  neutral 
sulphate  of  potassa  and  oil  of  vitriol  are  dissolved  in  a  small  quantity  of  warm 
distilled  water,  and  set  aside  to  cool.  The  anhydrous  sulphate  crystallizes  out 
in  long  delicate  needles,  which  if  left  several  days  in  the  mother-liquor  disap- 
pear, and  give  place  to  crystals  of  the  ordinary  hydrated  bisulphate  above 
described.     This  salt  is  decomposed  by  a  large  quantity  of  water.^ 

Sbsquisulphatb  of  potassa,  2(KO,S03)-|p-  HCSOg.  —  A  salt,  crystallizing 
in  fine  needles  resembling  those  of  asbestos,  and  having  the  composition  stated, 
iras  obtained  by  Mr.  Phillips  from  the  nitric  acid  residue.    M.  Jacquelain  was 

fuunccessful  in  his  attempts  to  reproduce  this  compound. 
Chlorate  op  potassa,  K0,C105. — The  theory  of  the  production  of  chloric 

ftcid,  by  the  action  of  chlorine  gas  on  a  solution  of  caustic  potassa,  has  been 

•Iready  described  (p.  164). 
Chlorine  gas  is  conducted  by  a  wide  tube  into  a  strong  and  warm  solution 

of  carbonate  of  potassa,  until  absorption  of  the  gas  ceases.     The  liquid  is,  it 

necessary,  evaporated,  and  then  allowed  to  cool,  in  order  that  the  slightly- 

■olable  chlorate  may  crystallize  out.    The  mother-liquor  affords  a  second  crop 

jf  crystals,  but  they  are  much  more  contaminated  by  chloride  of  potassium. 

It  may  be  purified  by  one  or  two  re-crystallizations. 
Chlorate  of  potassa  is  soluble  in  about  20  parts  of  cold  and  2  of  boiling 

^ater;  the  crystals  are  anhydrous,  flat,  and  tabular;  in  taste  it  somewhat 

'•sembles  nitre.     Heated,  it  disengages  oxygen  gas  from  both  acid  and  base. 

^^  lenves  chloride  of  potassium.     By  arresting  the  decomposition  when  t 

'  Jaequttlain.  Ann.  Ohim.  et  Phys.  vol.  vii.  p.  811. 
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BTolulloii  of  gu  bi'EinSi  i""i  re-dissoWing  the  salt,  peroUorata  of  pi 
chlaride  of  potoBBiuin  niny  be  oblaincil. 

Thin  salt  deSdgrales  violoatly  with  ooDibuslible  mattor,  eiploaisn  o(ten« 
(Birring  by  frielion  or  blows.  When  nboul  ona  grnin  weight  of  chlorBta  m 
Rn  equal  qnanlily  nf  sulphur  nre  rubbed  lu  a  mortar,  tiie  miitun  '  ~ 
with  a  lonii  report;  hence  it  cunnot  be  used  in  the  pratiamtion  of  g  _ 
inetond  of  nitruts  of  potnsan.  Chlorate  of  potnasn  U  now  a  Inrge  srtlgle 
Dommerce,  being  emplo^eil,  together  with  phosphorus,  in  innkinginBlitDUiieg 
light  matches. 

pEttOHLOBATE  i>F  poTABSA.  KO.CIO,. — ThiB  hUH  hecn  ivlreadj  noticed  m 
the  head  of  perchlorle  acid.  It  la  best  prepared  by  projecting  powdm 
etlorate  of  potaEsa  into  warm  nitric  acid,  whoa  the  chloric  acid  is  moln 
into  perchloric  acid,  clilorine  and  oxygen  gnses.  The  salt  is  separated  1 
cryslallizatioD  from  Ibe  nitrate.  Perohiorate  of  potnssa  is  a  very  f«^ 
Boiuhle  salt ;  it  requirea  65  parts  of  cold  wntor,  hnt  ia  more  freely  tdiai^^ 
at  a  boiling  heat.  The  cryaCnla  are  amall,  and  have  the  Egnre  of  an  oetsl 
dron,  with  sqanre  base.  It  is  decomposed  by  heat,  in  the  same  mannvt 
chlorate  of  potassa. 

Sdlpmideb  of  POTASBIDU, — There  are  not  less  than  five  or  sii  distinct  w 
pounds  of  potasaium  and  sulphur,  of  which,  however,  only  three  nre  of  BB 
oient  importance  to  be  noticed  here:  these  are  the  compounds,  containing S 
E8„  and  KSj. 

Sirnph  or  prolatulphidt  of  pnlaaiutn  is  formed  by  directly  combining  I 
metnl  with  sulphur,  or  by  redncing  anlphal«  of  potassa  at  a  red-bent  1^1 
dmgen  or  charcoal  powder.     Another  method  is  to  take  a  slrong  BolutiM 
Lydrute  of  potassa,  and  after  dividing  it  into  two  equal  portions,  si 
one  with  sulphuretted  liydrogen  gaa,  and  then  add  the  reniaiuder. 
is  tlien  oyaponited  to  drjneas  in  a  retort,  and  the  residue  fused. 

The  protoBulphide  is  a  cryatalline  cinnabar-red  mass,  very  soluble  in  wi 
The  Bolution  haa  an  exceedingly  olFeoaiye  and  caustic  taste,  and  !a  demmii 
by  acids,  eien  carbonic  acid.iiith  evolution  of  sulphuretted  hydrogen,  I 
formation  of  a  Ealt  of  the  acid  used.  This  compound  is  a  strong  sulpk 
base,  and  nnilea  with  the  Bulphidea  of  hydrogen,  carbon,  arsenio,  lie.,  fori^ 
cryBtalliiable  saline  compounds.  One  of  tltese,  ES-f  IJS,  ig  prodnoed  « 
hydrate   of   polossa  is  saturated   with   sulphuretted  hydrogen,    ta  M 

The  higher  sulphides  are  obtained  by  fusing  the  protcsulphide  with  di 
proportions  of  sulphur.    They  are  soluble  in  water,  and  decomposed by«o 
in  the  same  manner  aa  the  foregoing  compound,  with  this  addition,  that 
excess  of  sulphur  is  precipitated  as  s  fine  white  powder. 

Hrpur  lulphurii  is  a  name  given  to  a  brownish  substance,  somelime*  i 
in  medicine,  made  by  fusing  together  different  proportions  of  carbonalA ' 
potassa  and  sulphur.      It  is  a  variable  mixture  of  the  two  higher 
with  hyposulphite  and  sulphate  of  potasaa. 

When  equal  parta  of  sulpbur  and  dry  carbonate  of  potassa  a 
together  at  a  temperature  not  exceeding  482"  (20O''C),  the  deoompositiWl^ 
the  salt  is  quite  complete,  and  all  the  carhonio  acid  is  expelled.  The  ft 
mns9  dissolves  in  water,  with  the  exception  of  a  little  mechanlCHlly-nl 
sulphur,  with  dark-brown  color,  and  the  solution  is  fonnd  to  eontain  M^ 
besides  penloaulphide  of  potassium  and  hyposulphite  of  potassa. 


{2  eq.  potassium  _ 
2  oq.  oiygen 
I  eq.  polnasft^ 


^  2  eq.  pcntoaulphida  of  f 


3K0-t-  12S=:2tai-V'SO.SPj 


1  eq,  hyposulphite  of  po 
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When  the  mixture  has  been  exposed  to  a  temperature  approaching  that  of 
ignition,  it  is  found,  on  the  contrary,  to  contain  sulphate  of  potassa,  arising 
£rom  the  decomposition  of  the  hyposulphite  which  then  occurs. 


eq.  potassium i    ©q.  pentasulphide 

•  *         \d.   An     Viv-  /■  fi  «»r-i     siilnliiiT* 


4  eq.        J  ,  .    . 

potassa     1  ;  ®^*  ^^{Se»  ^^^  of  potassium. 

^  (^  3  eq.  potassa  ,^     ^ 

4  eq.  hy- ?  5  eq.^ sulphur 
posulph.    •<  3  eq.  sulphur 

acid.  ( 8  eq.  oxygen   ^-^Sr^i   3  eq.  sulphate  of  po- 

tassa. 
4(K0,S,0j)  =  KSjH-  3(KO,S05). 

From  both  these  mixtures  the  pentasulphide  of  potassium  may  be  extracted 
by  alcohol,  in  which  it  dissolves. 

When  the  carbonate  is  fused  with  half  its  weight  of  sulphur  only,  then  the 
terealphide,  KS^  is  produced  instead  of  that  above  indicated;  3  eq.  of  potassa 
and  8  eq.  of  sulphur  containing  the  elements  of  2  eq.  sulphide  and  1  eq. 
hyposulphite. 

The  effects  described  happen  in  the  same  manner  when  hydrate  of  potassa 
b  substituted  for  the  carbonate;  and,  also,  when  a  solution  of  the  hydrate  is 
boiled  with  sulphur,  a  mixture  of  sulphide  and  hyposulphite  always  results. 

Chloride  of  potassium,  KCl.  —  This  salt  is  obtained  in  large  quantity  in 
the  manufacture  of  chlorate  of  potassa;  it  is  easily  purified  from  any  por- 
tions of  the  latter  by  exposure  to  a  dull  red-heat.  It  is  also  contained  in 
kelp,  and  is  separated  for  the  use  of  the  alum-maker. 

Chloride  of  potassium  closely  resembles  common  salt  in  appearance,  assum- 
ing, like  that  substance,  the  cubic  form  of  crystallization.  The  crystals  dis- 
solve in  three  parts  of  cold,  and  in  a  much  less  quantity  of  boiling  water ;  they 
are  anhydrous,  have  a  simple  saline  taste,  with  slight  bitterness,  and  fuse 
wheu  exposed  to  a  red-heat.  Chloride  of  potassium  is  volatilized  by  a  very 
high  temperature. 

Iodide  op  potassium,  KI. — There  are  two  different  methods  of  preparing 
this  important  medicinal  compound. 

(1.)  When  iodine  is  added  to  a  strong  solution  of  caustic  potassa  free  from 
carbonate,  it  is  dissolved  in  large  quantity,  forming  a  colorless  solution  con- 
Uinmg  iodide  of  potassium  and  iodate  of  potassa ;  the  reaction  is  the  same 
u  m  the  analogous  case  with  chlorine.  When  the  solution  begins  to  be  per- 
manently colored  by  the  iodine,  it  is  evaporated  to  dryness,  and  cautiously 
heated  to  redness ;  by  which  the  iodate  of  potassa  is  entirely  converted  into 
iodide  of  potassium.  The  mass  is  then  dissolved  in  water,  and,  after  filtra- 
tion, made  to.  crystallize. 

^  (2.)  Iodine,  water,  and  iron-filings  or  scraps  of  zinc,^  are  placed  in  a  warm 
fituation  until  the  combination  is  complete,  and  the  solution  colorless.  The 
Suiting  iodide  of  iron  or  zinc  is  then  filtered,  and  exactly  decomposed  with 
solution  of  pure  carbonate  of  potassa,  great  care  being  taken  to  avoid  excess 
<>f  the  latter.  Iodide  of  potassium  and  carbonate  of  protoxide  of  iron,  or 
"•W,  are  obtained ;  the  former  is  separated  by  filtration,  and  evaporated  until 
*he  solution  is  sufficiently  concentrated  to  crystallize  on  cooling,  the  washings 
w  the  filter  being  added  to  avoid  loss. 

Iodide  of  iron  J  Iodine  —^  Iodide  of  potassium. 

•     '    f  Iron       — ■ ^^^^^^^ 

r  /  Potassium  -^N. 

Carbonate  of  potassa  J  ^^*^''*  I  Oxygen     -^,>^\ 

(  Carbonic  acid      ^""^  Carbonate  of  protoadd*^ 

of  iron. 

Fel4^  KO,COa=  Kl-f  FeO,CO.. 
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Th«  tnnnd  method  ii  on  the  whnle  to  be  prorerrad. 

loclide  of  polnsdum  arjrBUIIiiea  in  cubes,  which  nre  nften,  from  ■ome 
■xplnineii  RimFe,  milk-white  mid  opnqae;  thp;  ate  nrihydruun,  and  ftme  rea 
wlivii  henlcd.  The  cn1t  is  vn-y  soluble  in  wntrr,  but  not  ilelii^neacant,  n 
tioi'e,  in  a  nindente1;-(lr;  ittm(is|ibei'e :  il  if  dii^aalTed  by  nloobul. 

Snlullon  of  iudide  of  polnssium,  like  those  or  nil  the  ealuble  iodides, 
Mlvet  n  Ini^  qnnnlitj  of  fVee  iodine,  forming  a  deep-brown  liquid,  not 
•nnipriseilby  water. 

IliioifiDBor  poTASsiuif.  KBr.  — This  com^nnd  miiy  be  obtained  by 
Ce>'80S  exnctly  eimilar  to  those  jnsi  deacribcd,  eubslititting  bromine  tor 
iu4iiie  II  ia  u  eolorle«°  nnil  very  Bolubte  suit,  quite  indistitiguishiible  in 
[iciifnnee  and  general  clinraotera  (Vom  the  iodide. 

The  anlta  of  polespa  are  colorlens,  when  not  sssocinted  with  a,  colored 
tie  oxide  or  acid.     They  are  all  more  or  less  eolable  Ed  water,  and  may 
distingaishcd  by  the  fallowing  charncterB:  — 

(1.)  Solution  of  tartaric  acid,  added  to  a  moderatrly- strong  aolulioD 
^tasm-Balt,  gives,  after  some  time,  a  white,  crystalline  preoipiute  ot 
of  tartar;  the  effect  is  greatly  promoted  by  ntrong  agitation. 

(2.)  Solution  of  bichloride  of  platinum,  with  a  litlle  bydrocblorie  a 
neCPHenry.  gives,  under  similar  cirenmBtanoPB,  a  orjstalline  yellow  preoipil 
which  is  a  rlouble  Halt  of  bichloride  of  platinum  and  chloride  of  potasm 
Both  tide  compound  and  cream  of  tartar  are,  however,  aolnble  in  abant 
parts  of  cold  water.     An  addition  of  alcohol  increases  tlie  delicacy  of '' 

{3.)  Perehlorio  acid,  and  liydroflnoKilicio  acid,  give  rise  to  slightly-soh 
while  precipitates  when  added  to  a  potnssa-ault. 

(4.)  SjiUs  of  polassn  usually  Oolor  the  outer  blowpi pa-dome  pnrpli 
let :  this  reaction  is  clearly  perceptible  only  when  the  potassa-aaltB  ai 


This  metal  was  obtained  by  Davy  yery  shortly  after  Ihe  diaooTery  of . 
rinm,  and  by  similar  means.  It  may  be  prepared  in  large  qnantily  by 
composing  carbonate  of  soda  by  charcoal  at  a.  hiRh  temperature. 

Six  parte  of  anhydrous  carboiiate  of  soda  are  dissolred  in  a  lillls  hotwi 
and  miiod  with  two  parta  of  finely-powdered  charcoal  and  one  part  of  d 
coni  in  lumps.  The  whole  ia  then  evaporated  to  dryness,  transferred  to 
iron  retort  before  described,  and  heated  in  the  same  mnnner  to  whitenesB 
receiver  contoining  rock-oil  is  adapted  to  the  tube,  and  Ihe  whole  opertl 
carried  on  in  the  same  way  as  when  potassiura  ia  made.  The  prooesa,  "' 
well  conducted,  is  easier  and  more  certain  than  that  of  making  potna 
Very  important  improvements  have  been  made  in  the  manufncture  of  w 
by  M.  Deviile,  consisting  partly  in  the  simpliAcation  of  the  receiver,  pMly 
the  addition  of  carbonate  of  lime  to  the  mixture,  which  appears  to  t»A' 
the  redaction  in  a  most  remarkable  manner. 

Sodium  is  a  ailver-white  metal,  greatly  rcBembling  potoBsiam  In  emfl 
apect;  it  is  sofl  at  common  temperatures,  melts  at  194°  (W'C),  and  oim 
very  rapidly  ia  the  air.  Its  speoifio  gravity  is  0'972.  Placed  apon  tie  • 
face  of  cold  water,  sodium  decompoaca  that  liquid  with'  great  TioTeniMil 
Beldom  takcB  fire  unless  the  motion  of  the  fragment  be  restrained.  iM 
rapid  cooling  diminiahed,  by  adding  gum  or  starch  to  the  water.  Wii  \ 
water  it  takes  fire  at  ooce,  horning  with  a  bright-yellow  flume,  and  giving " 
'    a  solution  of  fads,. 

Tbe  equivalent  of  sodium  is  28,  and  its  symhol  Na  (Nalriom). 

There  are  two  well-defined  cutnponnds  of  sodium  and  oxygen  ;  theproU(» 
lUhydrous  soda,  NaO,  and  the  hiunjide,  NaO^  am  perhaps,  t"rniid«,  Nw 


SODIUM.  24S 

lk«7  are  formed  b;  barolDg  xodium  in  nlr  or  oijgen  gna,  and  Teaemble  tn 
•rery  respect  the  cone^pondiog  compouiids  of  potassium. 

Htdbmb  Of  SODA.  NaO,  HO.  —  Tliia  subataiice  is  prepared  in  praclioe,bj 
deoomposiDg  »  eomewbat  dilute  solution  of  carbonate  of  soda  by  bydrate  of 
lime:  tba  description  of  tiie  process  employed  !□  tbe  cuae  of  bydmte  of 
pohistin..  and  the  precautions  necessary,  apply  Word  for  word  to  that  of  sods. 

The  solid  hydrate  is  a  white,  fusible  substance,  very  similar  in  properties 
to  hydrnte  of  potassa.  It  is  deliquescent,  but  dries  up  ngnin  nfter  a  time  in 
eoDBeqaence  of  tbe  absorption  of  carbonic  acid.  Tbe  solution  is  highly 
•Ikaliue,  and  a  powerful  solvent  for  animal  matter:  il  is  used  in  large  quantity 
far  making  soap. 

The  strength  of  a  solution  of  oaastic  soda  may  be  roughly  determined  from 
K  knowledge  of  its  deaaity,  by  Che  aid  of  the  fallowing  table  drawn  up  by  Dr. 
'   Dalton. 


77-8 

1-40 

29-0 

68-6 

26-0 

63-8 

1-82 

23-0 

46-6 

1-29 

19-0 

41-2 

1-23 

16-0 

86-B 

1,-18 

18-0 

84-0 

112 

8-0 

810 

106 

4-7 

1-72 
1-68 
16& 
1-60 
1-47 
1-4* 


Cabbonati  or  soda,  NaO,COj-f-10HO.  —  Carbonate  of  soda  nas  once  •<• 
eliiBiTely  obtained  from  Ibe  asbea  of  sea-weeds,  and  of  plants,  such  as  Uie 
SoZioia  $oda,  which  grew  by  tbe  sea-side,  or,  being  cultivated  in  SDitable 
localities  for  the  purpose,  were  afterwards  subjected  to  incineration.  Tbe 
^^rilla,  yet  employed  to  a  small  extent  in  soap-making,  is  thus  produced  in 
•eieral  places  on  the  coast  of  Spain,  as  Alicante,  Carthageua,  &c.  That 
Made  in  Brittany  is  called  vara:. 

Carbonate  of  soda  is  now  manufactured  on  a  stupendous  scale  from  common 
Hit,  or  rather  from  sulphate  of  soda,  by  a  proeesa  of  which  the  following  is 
IB  outline :  — 

Aeharge  of  600  lbs.  of  common  salt'  is  placed  upon  (he  hearth  of  a  vell- 
beated  reverberatory  furnace,  and  on  equal  weight  of  sulphuric  acid  of  sp.  gr, 
l-fi  poured  upon  it  through 

•»  cpening  in  the  roif,  and  I'lg  !»■ 

Awmghly  mingled  with  the 

"It;  hydroobloiio  aoid   gas 

fadiiengaged,  whioii  la  either 

■Uoaed   to    escape    by   the 

AiioDBj,   or   condensed   by 

"■ilabte  apparatoa,  and  the 

■•lliloonverted  into  sulphate 

•f  wda.    This  part  of  the 

IfOMw  lakes  for  completion 

""sttonr  boars,  and  requires 

■""t  eare  and  skill 

^Ihe^nilphato  is  next  reduced  to  powder,  and  mixed  with  ai 
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fb«  nixlnrc  Ii  ibTovn  Into  •  Tcrvrtwratoi;  ftnniicp.  and  limited  to  ft 
«ilh  (vnalnDt  ilirring:  2  ml*,  are  abnol  tbc  quniititj  op^ralcd  on  at 
Vbcn  Ihl  (Imoid  pot i lion  ii  jndprJ  coniplrl?,  Ilie  luclted  DinlUrr  U  rakvii  tt 
Ac  tmunev  into  ui  iron  Irsagh.  where  it  is  Rllnved  ta  cool,  Wlien  cold,  i 
krukpn  up  iuta  little  pieces,  and  liiWialed  witb  cold  or  tepid  vaKr. 
•DlolioD  IH  CTtpuraled  In  drjncM.  and  (be  exit  calcined  with  a  little  ai 
fai  *  initabti)  rumaee.  Tlie  product  is  the  Kwln-afib.  or  British  alkali  (tf  et 
■ere*,  which,  wlieu  of  good  qaalily,  conlninB  from  48  to  52  per  cent 
•nda,  partly  in  the  riate  of  cnrbonnte,  and  partly  ■«  hydnite,  the  n 

b^fDK  cbielly  Nlpbale  or  aoda  and  coDimaD  salt,  with  oecasinnal  t 

nlplilte  or  bypot^ulpfaite,  and  aUo  cynnide  orsodinia.  By  disaotvinf  BodM 
In  hot  wnter,  filtering  the  aolulion.  and  tbeo  aMriiiiiig  it  to  coo)  Sowlj,  I 
MTlionate  ii  dcpofited  in  large  Iranfpareiit  cry^als. 

Th«  rcBGlinn  which  takes  place  in  the  cnlciDBtion  of  tbe  sulphnte  witb  obi 
tlid  coal-dust  aseoiB  to  consist,  Sral.  in  the  coufersion  of  Ibe  Fulphnte  of  « 
■nta  Bolpbide  of  sodium  by  tbe  aid  of  the  combustible  malter.  and,  aecr"'* 
In  tbe  double  iuterchmige  of  elements  between  that  snbsttuice  and  llie  el 
ate  of  lime. 

J  Sulpliur      —^  Sulphide  of  oaltam 

)  Sodium  

Carbonate  of  so 
NnS  +  CaO.CO,  =  CsS  +  KaO.COr 

The  Bulphido  of  calcium  combiner  wilb  nnothcr  proportion  of  limi 
A  peculiar  oompoond,  wbicb  la  inBoluble  in  cold  or  flighlly-warm  wal 

Other  procesBos  have  been  proposed,  and  e^en  carried  into  eieootlMi,  J 
file  above,  wbioh  was   origlnaily  propoaed   by  M    Lcblano,  ia  1 
Wlvantiigeous. 

Tho  ordinary  crystals  of  carbonate  of  soda  contain  ten  equiialenta  of  WiH 
fctit  by  particular  management  tbe  snme  salt  may  be  bad  with  fifteen,  o 
■aveu,  oquitalents,  or  somelimes  with  only  one.  Tbe  common  form  of  i 
erjatnl  ia  derived  from  an  oblique  rbombia  prii^m  ;  they  effloresce  Id  dry  ■: 
and  arumble  to  n  white  powder.  Healed,  Ibey  fuse  in  tbeir  water  of  oryi'^ 
liiation  ;  when  tbe  latter  ba?  been  expelled,  and  Ibe  dry  salt  exposed  Id  a 
red-heat,  it  melts  without  ondergoing  change.  Tbe  common  crystals  dim 
In  two  parts  of  cold,  and  in  less  than  their  own  weight  of  boiling- water; 
aolutlon  has  a  strung,  disagreeable  alk^liiiB  taste,  aud  a  powerfolly-alka 

fliOAiiBCiNATa  or  SODA,  NaO.CO,  -f.  HO.CO^  —This  salt  is  prepared  1 
pa^aiiig  UHrbolilo  acid  gns  lulo  a  cold  aolution  of  the  ueiitral  carbonate,  or( 
plaolng  the  oryKtals  in  an  almoBphere  of  the  gas,  which  is  rapidly  ai 
vhile  the  orystaU  lose  the  greater  part  of  their  water,  and  pass  into  than 
eom  pound. 

Bicnrbonale  of  soda,  prepared  by  either  process,  is  a,  crystalline  wl 
powder,  which  cannot  be  redisaolved  in  vnrm  water  without  partial  deoiM 
kition.  It  requires  10  parts  of  water  at  QO"  (ie°C}  for  Eolntion;  Ibe  liq^ 
feebly  alkaline  to  test-paper,  and  baa  a  much  milder  taste  tban  that  of  I 
simple  carbouata.  It  does  not  precipitate  a  solution  of  magnet  - 
eipoeure  to  heat,  tbe  salt  is  converted  into  neutral  carbonate. 

A  sesqui carbonate  of  soda,  containing  2NnO,3CU, -|- 4H0,  haa  bl 
deaorlbed  by  Mr.  Phillips:  like  the  sesquicarbonate  of  polassa,  it  is  bM 
ealy  with  difficulty.  This  salt  oacnr»  native  on  the  banks  of  the  soda4*l 
Cf  Sukena  in  Africa  ;  whence  It  is  eipnrted  under  the  unme  of  frowa. 

AUalimrlnfi  Analj^'u  o/  Ilgdmla  mil  CarbonMn  of  lit  Attalui.-^t 
gwisral  pnnoiple  of  iliesa  operations  eongisis  in  aseerMiDing  tba  qaaa^ ' 
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real  alkali  in  a  giyen  weight  of  the  substance  examined,  by  finding  how  maeh 
of  the  latter  is  required  to  neutralize  a  known  quantity  of  an  acid,  as 
•ulphuric  acid. 

The  first  step  is  the  preparation  of  a  stock  of  dilute  sulphuric  acid  of 
determinate  strength ;  containing,  for  example,  100  grains  of  real  acid  in 
every  1000  grain-measures  of  liquid  :i  a  large  quantity,  as  a  gallon  or  more, 
may  be  prepared  at  once  by  the  following  means.  The  oil  of  vitriol  is  first 
examined:  if  it  be  good  and  of  the  sp.  gr,  1*85  or  near  it,  the  process  is 
extremely  simple;  every  49  grains  of  the  liquid  acid  contain  40  grains  of 
absolute  acid :  the  quantity  of  the  latter  required  in  the  gallon,  or  70,000 
grain-measures  of  dilute  acid,  will  be  of  course  7000  grains.  This  is  equiva- 
lent to  8571  grains  of  the  oil  of  vitriol,  for 

BealadcL  OUofyitrioI. 

40  :  49  =  7000  :  8575. 

All  that  is  required  to  be  done,  therefore,  is  to  weigh  out  8575  grains  of  oil 
of  vitriol,  and  dilute  it  with  so  much  water,  that  the  mixture,  when  cold,  thaU 
measure  exactly  one  gaUon. 

Jt  very  often  happens,  however,  that  the  oil  of  vitriol  to  be  used  is  not  so 
strong  as  that  above  mentioned ;  in  which  case  it  is  necessary  to  discover  its 
real  strength,  as  estimated  from  its  saturating  power.  Pure  anhydrous  car- 
bonate of  soda  is  prepared  by  heating  to  dull  redness,  without  fusion,  the 
bicarbonate;  of  this  salt  58  grains,  or  1  eq.,  correspond  to  81  grains  of  soda, 
and  neutralize  40  grains  of  real  sulphuric  acid. 

A  convenient  quantity  is  carefully  weighed  out,  and  added,  little  by  little, 
to  a  known  weight,  say  100  grains,  of  the  oil  of  vitriol  to  be  tried,  diluted 
with  four  or  five  times  its  weight  of  water,  until  the  liquid,  after  warming, 
becomes  quite  neutral  to  test-paper.  By  weighing  again  the  residue  of  the 
carbonate,  it  is  at  once  known  how  much  of  the  latter  has  been  employed; 
the  amount  of  real  acid  in  the  hundred  parts  of  oil  of  vitriol  is  then  easily 
calculated.  Thus,  suppose  the  quantity  of  carbonate  of  soda  used 
to  be  105  grains ;  then,    •  Fig.  16& 

Garb.  soda.       Sulph.  acid.  y^* 

63        :        40        =        105        :        79-24; 

79*24  grains  of  real  acid  are  consequently  contained  in  100  grains        a  io 
of  oil  of  vitriol ;  consequently, 

79-24        :        100        =        7000        :        8833-82; 

the  weight  in  grains  of  the  oil  of  vitriol  required  to  make  one  gallon 
of  the  dilute  acid. 

The  "  alkalimeter"  is  next  to  be  constructed.  This  is  merely  a  1000- 
gmin  measure,  made  of  a  piece  of  even  cylindrical  glass  tube,  about  15 
ineheslong  and  0-6  inch  internal  diameter,  closed  at  one  extremity, 
•nd  moulded  into  a  spout  or  lip  at  the  other.  A  strip  of  paper  is 
pwted  on  the  tube  and  suffered  to  dry,  after  which  the  instrument  is 
Snduated  by  counterpoising  it  in  a  nearly-upright  position  in  the 
P»a  of  a  balance  of  moderate  delicacy,  and  weighing  into  it,  in 
wocession,  100,  200,  800,  &c.,  grains  of  distilled  water  at  60° 
(16»-6C),  until  the  whole  quantity,  amounting  to  1000  grains,  has 
^n  introduced,  the  level  of  the  water  in  the  tube  being,  after  each 
•^Idition,  carefully  marked  with  a  pen  upon  the  strip  of  paper,  while 
^  ttthe  is  held  quite  upright,  and  the  mark  made  between  the  top 
^  bottom  of  the  curve  formed  by  the  surface  of  the  water.     The 

*Jfh«ctpaclty  of  1000  grains  of  distilled  water  at  60O  (16®-5C).    The  grain  ineasur«  of  water 
■wwn  foond  a  very  convenient  and  useful  unit  of  yolume  in  chemical  researches.    YeMals 
Pwvatid  on  tbfa  plan  bear  simple  comparison  with  the  imperial  gallon  and  pint,  and  fr«* 
VAttj  alioenaUe  the  operator  to  measure  out  a  liquid  of  Imown  density  ia8i«wiol^«\^gB2k!(ii|\fiu 
«1  w 
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smaller  dlYisions  of  the  scale,  of  10  grains  each,  may  then  be  made  by  Jii 
by  compasses  each  of  the  spaces  into  ten  equal  parts.     When  the  gradi 
is  complete,  and  the  operator  is  satisfied  with  its  accuracy,  th«»  marks 
be  transferred  to  the  tube  itself  by  a  sharp  file,  and  the  paper  removed! 
a  little  warm  water.     The  numbers  are  scratched  on  the  glass  iHtih 
hard  end  of  the  same  file,  or  with  a  diamond.     When  this  alkalimeterj 
used  with  the  dilute  acid  described,  CTery  diyision  of  the  glass  will 
pond  to  one  grain  of  real  sulphuric  acid. 

Let  it  be  required,  by  way  of  example,  to  test  the  commercial  yalue  of 
ash,  or  to  examine  it  for  scientific  purposes:  50  grains  of  the  sample 
weighed  out,  dissolved  in  a  little  warm  water,  and,  if  necessary,  the  sohit 
filtered ;  the  alkalimeter  is  then  filled  to  the  top  of  the  scale  with  the  test- 
and  the  latter  poured  from  it  into  the  alkaline  solution,  which  is  tried 
time  to  time  with  red  litmus-paper.  The  addition  of  acid  must  of  course 
made  very  cautiously  as  neutralization  advances.  When  the  solutifm, 
being  heated  a  few  minutes,  no  longer  affects  either  blue  or  red  test-i 
the  measure  of  liquid  employed  is  read  off,  and  the  quantity  of  soda  pi 
in  the  state  of  carbonate  or  hydrate  in  the  50  grains  of  salt  found  by  tiie  rdii 
of  proportion.  Suppose  83  measures,  consequently  33  grains  of  add,  ksil^ 
been  taken ;  then 

Soda. 


Solph.  acid. 
40 


81  = 


88 


26-57; 


the  sample  contains,  therefore,  51  *2  per  cent,  of  available  alkali. 

It  will  be  easily  seen  that  the  principle  of  the  process  described  admits l( 
Tery  wide  application,  and  that,  by  the  aid  of  the  alkiiimeter  and  carafil^ 
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Fig.  157. 


Fig.  168. 
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prepared  test-acid,  the  hydrates  and  carbonates  of  potassa,  soda,  t^ 
ammonia,  both  in  the  solid  state  and  in  solution,  can  be  examined  with  great 
ease  and  accuracy.  The  quantity  of  real  alkali  in  a  solution  of  cans^ 
ammonia  may  thus  be  determined,  the  equivalent  of  that  substance,  and  tht 
amount  of  acid  required  to  neutralize  a  known  weight,  being  inserted  as  thi 
second  and  third  terms  in  the  above  rule-of-three  statement.  The  same  id^ 
answers  for  all 
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I;  the  EimpleBt  foirn  of  this  iiutTa- 
aieut.  Tlie  pounng  out  ot  minute  quauiities  is  grenllj  faoililated  bj  providing 
the  measure  with  a  narruff  dropping  tube,  tig.  156,  Ibe  lotrcr  extremity  of 
Trliich  ia  Bolderod  into  the  measure,  wliilat  the  upper  one  is  bent  ontward  and 
Bharplj  out  off.  This  kind  of  burette,  whioh  is  known  as  G  rvj-Loasao's,  is 
chiefly  used  in  France.  The  liquid  mny  be  very  conTeniently  poored  from  it; 
but  it  is  rather  easily  broken,  so  that  its  mnnipululion  requires  s  good  dea] 
of  care.  This  defect  is  greatly  obiiuted  in  tbe  burette,  Eg.  157,  in  which  the 
grailnated  tube  is  provided  with  a  spoat  at  the  top,  there  being  at  the  same 
dme  an  orifloe  for  pouring  in  the  liquid. 

A  Tery  elegant  instrument  has  lately  been  contrived  Fig.  IM, 

by  Qr.  Mohr,  of  Coblent^.  It  is  a  graduated  lube,  at 
one  end  drawn  out  to  a  point,  to  which  ia  attached,  by 
meaus  of  a.  niirraw  vulcanized  oaoutcbouo  tube,  a  shoiii 
glass  tube,  likewise  drown  out  to  a  point,  fig.  158. 
There  is  a  small  space  (about  ^  inch)  between  the  two 
lubea.  upon  which  is  fiieJ  a  metiillio  clomp,  a,  repre- 
■eoted  in  its  ootual  dimensions  in  fig,  I'59.  Ihis  elamp 
shuts  off  the  ccnnection  between  the  graduuted  oylinder 
and  the  small  glass  tube.  But  by  pressing  with  the 
Sugers  npon  the  ends,  b  b,  of  this  clamp,  it  opens,  and 
kllows  the  liquid  to  flow  out  of  the  lower  tube.  It  is  evi-  ^ 
dent  that  by  this  arrangement  the  amount  ot  liquid  may 
be  regulated  with  the  greatest  nioety. 

It  is  often  desirable,  iu  the  analysis  of  carbonates,  to 
determine  directly  the  proportion  of  carbonic  acid:   the  following  methoda 
lea*e  nothing  to  be  desired  in  point  of  precisioa : — 

A«ra«lllightglaBSfla5fc,o,  of  threeorfonr  ounces' capacity,  Flg.lM. 

irith  lipped  edge,  ia  chosen,  and  a  cork  fitted  to  it.  A  pieoe 
ot  tube  about  three  inches  long  is  drawn  out  at  one  extre- 
mity, b.  and  fitted,  by  means  of  a  small  cork  and  abit  of  bent 
tube,  rf,  to  (he  cork  of  the  flask.  This  tube  is  filled  with  frag- 
meulg  of  chloride  of  calcium,  prevented  from  escaping  by 
■  little  cotton  at  either  end ;  the  Joints  are  secured  by  seal- 
ing-wax. A  short  tube,  c,  olosed  atone  extremity,  and  small 
tiODgh  to  go  into  the  fla^k,  is  also  provided,  and  the  appa- 
mplate.  fifty  grains  of  the  carbonate  to  be 
re  carefully  weighed  out  and  introduced  into  the 
-.,  together  with  a  little  water:  the  small  tube  is  then  filled  with  oil  of 
I,  and  placed  in  the  flauk  in  a  nearly-npright  position,  and  leaning 
it  its  side  in  such  a  manner  that  the  acid  does  not  Escape.  The  cnrk 
*"■!  cilloride  of  calcium  tube  arc  then  adjusted,  and  the  whole  apparatuf  accu- 
Wtelj  counterpoised  on  the  balance.  This  done,  the  flask  is  slightly  inclined, 
^  iDHt  the  oil  of  vitriol  may  slowly  mix  with  the  other  subetaiicea  and  decom- 
tOB^  tlie  carhoDute,  the  gas  from  which  escapes  in  a  dry  state  from  the  extre- 
"ity  uf  tile  tube.  When  the  notion  has  entirely  ceased,  the  liquid  is  heated 
'">til  it  boils,  and  the  steam  begina  to  condense  in  the  drying-tube ;  it  ia  then 
loft  tB  cool,  and  weighed,  wheii  the  loss  indicates  the  quantity  of  oarbonio 
^^  The  acid  must  be  in  excess  after  the  experiment.  When  carbonate  of 
IB  tffiis  analyied,  alrong  hydroehlorio  acid  must  be  Bnbstitnted  for  the  oil 


Instead  of  the  above  apparatus,  a  i 

J«  Srat  suggested  by  Will  and  Frea. 

Ijwi,  {fig.  Iiil)  A  and  B,  the  latter  be 

™  llie  flasks  are  provided  with  a  doi 

^h  ends,  but  cSuaed  at  the  upper  exi 

is  through  the  cork  of  ^  t 


eat  arrangement  may  be  used,  which 
riius.  It  consists  of  two  small  glass 
ig  soraewhsl  smaller  than  the  former, 
ily- perforated  cork.  A  tnho,  o.  open 
■emity.  *,  by  means  of  a  small  quantity 
the  tery  bottom  of  the  flaak,  vlul&l^ 
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]  nf  S,  eembliBlieB  ftgomBninioRt9Mi%*tMi 
flnKts.  T1iecorkof5isproTjiJed,nioro«r^^ 
cliort  tnUi  J.  Id  arder  to  nnnlviti  i,  o 
a  euitnble  quaalilj  (iifl;  grBini)  »  [ 
into  A.  togclher  with  Bome  waCer.  B  U  half  &1I 
viib  oonceniraled  sulphuric  acid,  the  appitiaU^ 
tightly  Sited  nnd  weighed.  A  small  qnuilitj.t 
air  is  now  Backed  out  of  flask  B  by  meant  nf  i 
tube  d,  whorebj  the  air  in  ^  is  likewise  ranfa' 
Immediatel;  »  pardon  of  sulphurio  acid  aMOi 
'  1  the  tube  e,  and  flaws  Dier  into  Bask  A,  rand 
disengagement  of  cnrbonic  aoid,  which  woH 
t  d,  alter  having  hean  perfectly  dried  by  p«SM 
irough  the  boitla  B.  This  operation  ia  repnl 
until  the  whole  of  the  carbonate  ia  deeompnal 
and  the  procoss  terminated  by  openinft  tbt  it 
■topper,  and  drawing  a  quntitilj  of  air  through  the  Bppn,ratus.  Tbe  ■■■ 
ntiia  ia  now  re-weighed.  The  difference  of  the  two  weighiugs  expTCBwif 
quantity  of  carbonic  acid  in  the  compound  analyzed.  1 

SuiPHATB  or  SODA,  Qlaitb«b'b  balt,  NaO.SO,  +  :0HO.— This  is-m  hj-jl 
duct  in  BeTcrol  chemical  oporaliona:  it  may  of  course  be  prepared  direetly, 
wanted  pure,  by  adding  dilute  sulphuric  acid,  to  sataration,  to  a  aolutioBJ 
carbonate  of  soda.  ItcryslalliieB  in  a  figure  derived  from  an  oblique  t* 
prixm:  the  orystals  contain  ID  eq.  of  water,  are  efiloreacent,  and  Dnhij 
watery  fusion  when  heated  like  those  of  tbe  carbonate:  they  are  aolnbl* 
twice  their  weight  of  cold  water,  and  rapidly  inarease  in  solubility  as  Uit  tn 
persture  of  the  liquid  rises  to  91°'5  (33°G),  when  a  maximum  is  reached,  H 
parts  of  water  diBSolving  822  parta  of  the  salt.  Heated  beyond  this  pranti 
Bolubihty  diminishes,  and  a  portion  of  eulphate  ia  deposited.  A  warm  HiU 
rated  Bulution,  evnpornted  at  a  high  temperature,  deposits  opnque  priiaMl 
erystals,  Tfhieh  are  nnhydrouB.  This  salt  has  a  sligbtly-bitter  taste,  tall 
purgaliTe.     Mineral  springs  sometimes  contnin  it,  as  at  Cbellenbam.  < 

BisuLPHATH  or  BonA,  NaO,80,  -f  HO.SOg-f  3H0 This  ia  prspanl'l 

adding  to  10  parts  of  anhydrous  neutral  ealph ate,  T  of  oil  of  Tltriol,  erapaivdi 
tbe  Trbole  tc  dryness,  and  gently  igniting.  Tbe  bisulphate  is  very  boIbUb^I 
water,  and  has  an  acid  reaction.  It  is  not  deliquescent.  When  verystrs^ 
heated,  the  fused  salt  gives  up  anhydrous  sulphuric  acid,  nnd  becomes  Biap 
■olpbate ;  a  change  whicii  neoessarily  snppoaes  tbe  pvevioua  formatiDn  of' 
trae  anhydrous  bisulphate,  NaO.SSOg. 

HiPoaDLPHiTK  or  SODA,  NaO,S,0^ — There  are  several  modes  of  proeurW 
this  Bait,  which  is  now  used  in  considerable  quantity  for  pbotographia  f^ 
poses.  One  of  the  best  is  to  form  neutral  lulphili  of  soda,  by  passing  a  stni"' 
of  well-washed  sulphurous  acid  gaainto  a  strong  solution  of  carbonate  «^  Ml 
and  then  to  digest  the  Boluiion  with  sulpliur  at  a  gentle  heat  during  MnL- 
days.  By  careful  evaporation  at  a  moderate  temperature  the  salt  a  obbM 
in  largo  and  regular  crystals,  which  are  very  soluble  in  water.  '• 

NiTBATE  OF  SODA ;  CUBIC  NiTEK,  NaO, NO,.— Nitrate  of  Bodn  ocoorB 
and  in  enormous  quantity  at  Torapaca.  in  Northern  Chili,  where  it 

regular  bed,  of  grent  eitent,  along  with  gypsum,  common  Bait,  and  ., 

of  recent  abellB,     The  pure  salt  commonly  crystalliieB  in  rhombohedrai  f^ 
aembling  those  of  caloareoos  spar.     It  ia  deliquescent,  and  very  BOlubfe^* 
water.     Nitrate  of  soda  is  employed  for  making  nitric  acid,  but  eannotl 
aaed  for  gunponder,  as  the  mixture  bums  too  slowly,  and  becomes  dtuvf -^ 
tbe  nir.     It  has  been  lately  used  with  some  success  in  agriculture  as  mii^ 
fioiftl  manure  or  top-dressing,  and  also  for  preparing  nitrate  of  potussa.         , 

PKOHPHATSS    07    soda;    COM.MOS    TIIIEASIO    FHOBPHATE,  2NnO,HO,P0i +W 

BO. — Ibis  beautiful  salt  is  preforod  by  precipitating  the  acid  pheqAatiar 
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thus  o1>tBined  by  deoompaaing  bone^gsli  by  BUlphuria  b^W,  with  a,  slight  exceM 
■if  oarbonoCe  of  soda.  It  cr.vslnllizca  ii)  oblique  rhnmbjo  prisma,  which  are 
effloresuent.  The  crjslJils  diasoWa  io  4  parta  of  cold  water,  anii  undergo  the 
aqueous  fusion  wlien  heiited.  The  stilt  is  bitter  and  purgntive;  its  solution  ia 
tibaline  Io  leal-paper.  CrjBtals  contaitiiiig  14  equiraleiiw  of  water,  and  h»T- 
ing  a  form  liifferBiit  from  thul  aboTc  monlioned,  have  heen  obtained. 

A  seeond  tribasio  pliusphate,  Bnniclinies  called  eubphosphate,  SKaO,POi  -f- 
X4H0,  is  obtaiBBd  bj  adding  a  Bolotion  of  cnualic  soda  to  the  preceding  salt. 
Tbe  cryatala  ai-e  slender  eix-Eided  priiims,  soluble  in  5  parts  of  eold  water.  It 
Is  dMompoaed  b;  acids,  even  carbonic,  but  auffera  no  change  b;  heat,  except 
liiv  loss  of  ila  water  of  cry^tallizalinn.  Its  solution  is  strongly  alkaline.  A 
third  tribaaic  pbosphate  often  called  auper phosphate  or  biphosphate,  NaO, 
8H0,P0[  +  2110,  maybe  obtained  by  adding  phosphoric  acid  to  the  ordinary 
pfaospbate.  autil  it  oeases  to  precipimte  chloride  of  l>arium,  and  cxpoaing  the 
eoncentrated  aolution  to  cold.  The  crystala  are  priamatic,  very  soluble,  and 
b>ve  an  acid  reaction.  When  strongly  heated,  the  salt  becume^  changed  itito 
monobasic  phosphate  of  soda. 

Tribnsic  phosphate  of  soda,  ammooia,  and  water;  microoosmio  salt,  NaO, 
NH40,Ha,P0,  +  8U0  — Six  parts  of  common  phosphate  of  soda  are  heated 
with  2  of  water  until  the  whole  is  liquefied,  when  I  part  of  powdered  eal-am- 
moniao  is  added ;  common  salt  separates,  and  may  be  removed  by  a  filter,  and 
ttom  the  aolution,  dutj  concentrated,  the  now  salt  ia  deposited  in  priamatie 
BTjBtals,  which  may  be  purified  by  one  or  two  re-crystallisations.  Microcoa- 
nuo  salt  is  very  soluble.  Wbeo  gently  heated,  it  purta  with  the  8  eq,  of  water 
Vt  orystalliiation,  and,  at  a  higher  temperature,  the  water  acting  as  base  ia 
expelled,  together  with  the  ammonia,  and  a  very  fusible  compoand.  metaphos- 
pbate  of  Hoda,  remalaa.  which  is  valuable  as  a.  flni  in  blowpipe  eiperiments. 
This  salt  occurs  in  decomposed  urine. 

BlBASlO     PBOaPHATK    Qf    BOPA;     PmOPHOBPHATE    OI    SODA,  2NaO,POj  +  10 

HO. — Prepared  by  strongly  heating  common  phosphate  of  soda,  diaaolviug  the 
residoe  in  water,  and  re-crystal  Using.  The  erjaluls  are  very  brilliant,  per- 
roanent  in  the  air.  and  less  soluble  than  the  original  phoaphate ;  their  aolntion 
is  alkaline.  A  bibasic  phosphate,  containing  an  equivalent  of  basic  water, 
baa  t>eea  obtained ;  it  doea  not,  however,  cryatalliza. 

HONDBASia     PHOSFHATE    Ot    SODA;    HGTAPUOSPflATe    OF     SODA,    NaO,FO(.— 

Obtained  by  heating  either  the  acid  tribasio  pbosphate,  or  microcoamio  salt. 
It  in  a  transparent  glassy  substance,  fusible  at  a  dull  red-heat,  deliquescent, 
■nd  very  aoluhle  in  water.  It  refuaca  to  crystnlliie,  but  dries  up  into  a  gom- 
Bkemass. 

If  thia  glassy  phosphate  be  cooled  very  alowly  it  separates  as  a  beautifully- 
eiystalline  maas.  It  may  be  purified  by  means  of  boiling  water  from  the 
Titreous  loetapbospbate.  which  will  not  crystallize.  Another  mctaphosphate 
has  been  obtained  by  adding  sulphate  of  soda  to  an  eioess  of  phospliorio  acid, 
evaporating  and  heating  to  upwards  of  600°  (SISO'SC).  Possibly  lb eae  se'eral 
netaphoapbates  may  be  represented  by  the  fortBulie,  NaO.PO,;  SNnO,2PO(: 
8Na0.3PO,.   (Graham.) 

The  tribaaic  phosphates  give  a  bright-yellow  precipitate  with  solntion  of 
iritrata  of  silver:  the  bibasic  and  monobasic  phosphatea  afford  white  precipi- 
tates with  tbe  same  substance.  The  salts  of  the  two  latter  classes,  fused  wit\ 
exceti  of  oarbonate  of  soda,  yield  the  tribaaic  modification  of  the  acid. 

Phoi^hata  initrmedialt  beltceen  tie  monobmic  and  lAbotie  phoiphata  of  todo, 
KIaO,21>Op  and  flNaO.SPO  — The  firat  ia  produced  by  fusing  100  parts  of 
Mibjtli'oas  pyropliosphate  or  aoda,  and  78-87  parts  of  metaphosphate  of  soda. 
The  white  oryatnlline  mass  is  reduced  to  powder,  and  quickly  eihaueled  witb 
Water.  Tbe  sotutinn  on  eipoaure  to  the  atmosphere  yields  scaoll  plates  wbiob 
are  very  soluble  in  water. 

The  second  is  produced  by  fusing  100  parts  of  pyrophosphate  of  soda,  a: 


I 


SOT'S  of  metaphoBphate;  it  erystuUiiea  nith  more  diScoIt;  thsn  the  pi 
compDDnd. 

MM.  Fleitmnnn  and  Ilcntiobiirg.  Ihe  discoterera  of  Ibcec  new  pbo 
reprcsoiit  tlic  differeut  phos^iUaieB  tbue  — 

Common  phosphate 6Nn0.2P0, 

I'jro  phosphate  eNiiO.SPO, 

New  PhOBDhataa  .fSNaO.JPO, 

Hew  Ihoaphataa  ....          .  1^^80.5^0; 

Metaphosphate  ONaO.ePOg 

Id  each  of  which  six  equivalents  of  the  base  are  conibiued  Kith  a  diSci 
poljmarie  aiiil. 

BiBORATior  bdPa;  BOltAX.  NnO,-2BoOr|-I0HO.~ThiB  componod  oooora; 
the  Taters  of  certain  lakes  in  Tliibet  and  Persia ;  it  is  imported  in  a  en' 
■bite  from  the  East  ladies  ODder  the  Dame  of  lineal.     When  purified  tt  oan> 
tutes  the  borax  of  comiaeree.     Maoh  borax  is  non,  liowpver,  manu^toi 
IWim  the  natiTe  boraoia  acid  of  Tuscany,  aud  also  from  a  niitiTe  borata  of  Hi 
Balled  hajeslne,  which  oecura  in  Southern  Fern.     Borax  crjatailiies  in 
aided  prisma,  whioh  effloresce  in  drj  air,  and  require  2Q  parts  of  cold,  i 
of  boiling  nater  for  solution.    Exposed  to  heat,  the  10  eq.  of  water  oFcr; 
ligation  are  expelled,  and  at  a  liigber  temperature  tbe  salt  fuses,  and  ui 
B  elassy  appoarauce  on  cooling ;  in  this  etute  it  is  much  used  for  bloi 
experiments,  the  metallic  oxides  dissnlilng  in  it  to  transparent  bravde,  1 
of  whioh  are  distinguished  by  characteristic  oolora.     By  pHrtionlar  mM 
meiit,  cryslala  of  borax  cao  be  obtained  with  6  eq.  of  water ;  they  Me 
hard,  and  permanent  in  the  air.    Althongli  by  coDstitutiun  an  acid  salt  1 
has  an  alksUno  reaction  to  teat-paper.     It  ia  used  in  the  arts  for  aol^ 
nelsJs,  its  aotion  conaigtiog  in  rendering  the  surfaces  to  be  joined  metaDie, 
diaaolving  the  oxides,  and  it  sometimea  enters  into  the  composition  of  |1ib|  ' 
with  which  stoneware  is  covered. 

Neutral  borate  of  floda  may  be  formed  by  fusing  together  horax  and  si 
nate  of  soda  in  equivalent  proportions,  and  then  dissolving  the  mass  in  v 
The  crystals  are  large,  and  contain  MaO,BoOg-|-8ITO. 

SuLFBiDS  OF  SODIUM,  NnS. — Prepared  in  the  Bame  manner  as  the  prot 
pbide  of  polBSsiiim  ;  it  separates  from  a  concentrated  SDlutiou  in  octahi 
orystals,  which  are  rapidly  decomposed  by  eontact  with  the  air  into  a  miltl 
of  hydrate  and  hyposulpiiite  of  soda.  It  forms  double  sulphur  salts  irilh .' 
phnretted  hydrogen,  bisulphide  of  carbon,  and  other  Bnlphur-aoids. 

Sulphide  of  sodium  is  supposed  to  enter  into  the  composition  of  tllll  tM 
tilU  pigment  ullramarine,  prepared  from  the  lapii  lazuli,  and  which  ia  l 
imitated  by  artificial  means,' 

CHLoBfSH  Of  HODicii ;  OOMMON  SAtt,  NaCl. — This  very  important  sobslli 
IB  found  in  manj  parts  of  the  world  in  solid  beds  or  irregular  strnta  of  imnH 
thicknees,  as  in  Cheshire,  for  example,  in  Spain,  Gnlicia,  and  many  0l 
localities.  An  inexhaustible  sappl;  exists  also  in  the  waters  of  the  ooaui, 
large  quantities  are  annually  obtained  from  saline  springs. 

The  rock-Bait  ia  almost  always  loo  impure  for  use  ;  if  nonatura) 
■xiat,  an  artiBcial  one  is  formed  by  sinking  a  shaft  into  the  rock-salt;  an^ 
necesBary,  introducing  water.  This  when  saturated  is  pumped  up,  and  en{ 
rated  more  or  leas  rapidly  in  large  iron  pans.  As  the  salt  separate!,  ll 
removed  from  the  bottom  of  the  vessels  by  means  of  a  scoop,  prt«ssd  irl 
BtlU  moial  into  moulds,  and  thou  transferred  to  the  drying  stove.  When  It| 
oryalals  are  required,  ns  for  the  coarse-grained  bay-ialt  used  in  curing  pK 
dons,  the  eiaporation  is  slowly  oanducted.  Common  salt  is  apt  to  b«  f 
tkminBted  with  chloride  of  magnesium. 

'  Sea  PharmiceaOciJ  Jootn.\  ii.  6S. 
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When  pui'e,  this  substance  is  not  deliquescent  in  moderately-dry  air.  It 
crystallizes  in  anhydrous  cubes,  which  are  often  grouped  together  into  pyra- 
mids, or  steps.  It  requires  about  2J  parts  of  water  at  GO®  (15°-5C)  for  solu- 
tion, and  its  solubility  is  not  sensibly  increased  by  heat ;  it  dissolves  to  some 
extent  in  spirit  of  wine,  but  is  nearly  insoluble  in  absolute  alcohol.  Chloride 
of  sodium  fuses  at  a  red-heat,  and  is  volatile  at  a  still  higher  temperature. 
The  economical  uses  of  common  salt  are  well  known. 

The  iodide  and  bromide  of  sodium  much  resemble  the  corresponding  potas- 
pium  compounds;  they  crystallize  in  cubes  which  are  anhydrous,  and  areverj 
soluble  in  water.  

There  is  no  good  precipitant  for  soda,  all  the  salts  being  very  soluble  with 
(he  exception  of  antimoniate  of  soda,  the  use  of  which  is  attended  with  diffi- 
culties ;  its  presence  is  often  determined  by  purely  negative  evidence.  The 
yellow  color  imparted  by  soda-salts  to  the  outer  flame  of  the  blowpipe,  and  to 
combustible  matter,  is  a  character  of  some  importance. 

AMMONIUM. 

In  connection  with  the  compounds  of  potassium  and  sodium,  those  formed 
by  ammonia  are  most  conveniently  studied.  Ammoniacal  salts  correspond  in 
every  respect  in  constitution  with  those  of  potassa  and  soda :  in  all  cases  the 
sabstance  which  replaces  th^se  alkalies  is  hydrate  of  ammonia,  or,  as  it  is  now 
almost  generally  considered,  the  oxide  of  a  hypothetical  substance  called  am- 
monium, capable  of  playing  the  part  of  a  metal,  and  isomorphous  with  potas- 
sinm  and  sodium.  All  attempts  to  isolate  this  substance  have  failed,  appa- 
rently from  its  tendency  to  separate  into  ammonia  and  hydrogen  gas. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  caustic  potassa, 
and  connected  with  the  negative  side  of  a  voltaic  battery  of  very  moderate 
power,  while  the  circuit  is  completed  through  the  platinum  plate  upon  which 
rests  the  alkali,  decomposition  of  the  latter  takes  place,  and  an  amalgam  of 
potassium  is  rapidly  formed. 

If  this  experiment  be  now  repeated  with  a  piece  of  sal-ammoniac  instead  of 
hydrate  of  potassa,  a  soft,  solid,  metalline  mass  is  also  produced,  which  has 
been  called  the  ammoniacal  amalyam,  and  considered  to  contain  ammonium  in 
combination  with  mercury.  A  still  simpler  method  of  preparing  this  extraor- 
dinary compound  is  the  following:  — A  little  mercury  is  put  into  a  test-tube 
with  a  grain  or  two  of  potassium  or  sodium,  and  gentle  heat  applied ;  combi- 
nation ensues,  attended  by  heat  and  light.  When  cold,  the  fluid  amalgam  is 
put  into  a  capsule,  and  covered  with  a  strong  solution  of  sal-ammoniac.  The 
production  of  an  ammoniacal  amalgam  instantly  commences,  the  mercury 
increases  prodigiously  in  volume,  and  becomes  quite  pasty.  The  increase  of 
weight  is,  however,  quite  trifling;  it  varies  from  j^^^  to  j^i^^y  part. 

Left  to  itself,  the  amalgam  quickly  decomposes  into  fluid  mercury,  ammonia, 
and  hydrogen. 

It  is  difficult  to  oflFer  any  opinion  concerning  the  real  nature  of  this  com- 
pound ;  something  analogous  occurs  when  pure  silver  is  exposed  to  a  very  high 
temperature,  much  above  its  melting-point,  in  contact  with  air  or  oxygen  gas ; 
the  latter  is  absorbed  in  very  large  quantity,  amounting,  according  to  the 
observation  of  Gay-Lussac,  to  20  times  the  volume  of  the  silver,  and  is  again 
disengaged  on  lessening  the  heat.  The  metal  loses  none  of  its  lustre,  and  is 
not  sensibly  altered  in  other  respects. 

The  great  argument  in  favor  of  the  existence  of  ammonium  is  founded  on 
the  perfect  comparison  which  the  ammoniacal  salts  bear  with  those  :>f  the 
alkaline  metals. 

The  equivalent  of  ammonium  is  18 ;  its  symbol  is  NH4. 

Chloridi  op  ammonium  ;  sal-ammoniac,*  NH^Ol.  —  Sal-amuvoxv\ai<i  -^^^  t«t- 


AMHONICM 

I  mtir)j  obtained  fram  Egypt,  being  attracted  b;  Bablimstion  fW>Tn  the  soot  |l 
I  auid's  dung:  il  is  now  targel;  DiKDaraOturvd  from  the  nmmnnincil  liqaiiffl 
I  the  gu-norkii.  nnd  rrom  tlie  cunitenscd  prodacte  or  Ihe  distillation  of  bofif 
iad  oUiCr  Mjiimal  refuae,  ia  Uig  preparation  or  nnimat  cliarcoal. 
Tbne  impure  and  bighly  offenaiTc  lalutiona  are  trcnted  vith  a,  slight  ei 
J  of  liydrochlorio  acid,  bj  which  the  frpn  alknli  is  neutraliifid,  nnd  Ihe  el 
I'  BAlc  and  Bulpbidn  decoaipooed  with  eialotioii  of  carbonic  ncid  ttad  tmlplmn 
hjdrugeti  gsHeB.     The  iiqaid  is  eraponled  to  di^nesB,  and  the  mlt  care 
heated,  to  ei|iel  or  decompose  the  larry  matter;  it  is  then  purified  b;  SI 
malion  in  large  irOD  vessels  lined  with  clny,  eurmoanted  with  domes  o?  le 
Sublimed  gal-ammoniac  has  a  fibrous  texture;  it  is  tough,  and  difficn 

When  crfslalliicd  from  water  it  separates,  oiider  fSTOrable  circ 
m  distinct  oubea  or  oclahedra ;  hot  tbe  crjHlaU  are  usually  small,  and  ^ 
gated  together  in  rays.  It  hii  a  sharp  salitie  taste,  and  ia  Bolnble  in  ~* 
of  oold.  in  a  much  smaller  qunntitj  of  hot  water.  Ej  lieat,  it  is 
without  decomposition.  The  crjetals  are  anhydmuB,  Chloride  of  ai 
forms  double  salts  with  the  chlorides  of  mHgnesium,  nickel,  cobalt,  js 
nese.  liao,  and  copper. 

Sinj>H*Ti  or  oxiDK  o»  Aimoiim :  sdlpbatk  of  ammonia,  NH^O,a  _ 
— Prepared  b;  neutraliiing  carbonale  of  ammonia  bj  sulphuric  add,  n 
lai^  scale,  h;  adding  sulphuric  acid  in  excess  to  the  coul-gas  liquo. 
mentioned,  and  purif^iug  the  product  by  suitable  means.      It  is  soIiiUaH 

Carts  of  oold  water,  and  cryslalUies  in  long,  flnltened.  six-sided  pri>ni*,,iK 
ise  an  equivalent  of  water  when  healed.  It  is  entirely  decompMtl, 
driven  off  by  ignition,  and,  even  to  a  certain  extent,  bj  long  boiling  witb  iK 
amiBonia  being  expelled  and  the  liqnid  rendered  acid. 

CAKBOSaris  or  ammoiiia, — These  compoonds  bare  been  carefully  ei 
by  Professor  Rose,  of  Berlin.  Bud  appear  to  be  very  numcrons.  The 
snAyi^rou  nrimaU.  NH,.CO(.  if  prej'nred  by  Ihe  direct  anion  ofcarbmueS 
Kith  auimaniacal  gas.  both  being  carefully  dried  and  cooled.  The  | 
bine  in  the  proportions  of  one  measure  of  the  first  to  two  of  Ihe  m 
give  rise  to  a  pungent,  and  rery  vulatile  compound,  which  condcnM 
flodcB.  It  is  rery  soluble  iu  water.  The  pungent,  tmiispnrcnt,  <Bi 
unmooia  of  pharmaey,  which  ii  prepared  by  subliming  u  mixture  <^  M 
moniac  and  chalk,  always  contain:-  less  base  than  that  reignired  to  tc 
tral  carbonate,  lis  composition  vaKes  a  good  deal,  but  in  tVwhljr-iir 
apenimens  approaches  that  of  a  sesiiuicarbonate  of  oxide  of  tmui 
2SHj0.3C(^— When  lieuted  in  a  retort,  Ihe  neclt  of  which  dips  ii 
it  ia  decomposed,  with  disengagement  of  pure  carbonic  acid,  into  tl 
hydrated  oarbunute  of  ammonia,  and  several  other  compon 
the  air  at  common  tcmperalurev.  it  disengages  Deutml  carbonate  of  sn 
I  loses  its  pungency,  and  cniaibles  down  to  a  soft,  white  poirdcT.  wii 
tncarbonale,  conlBining  NU^O.CO^UU.CtV  This  ia  a  permanent  eL_ 
lion,  allhoMgh  still  volntile.  When  a  strong  solution  of  the  commertWI 
quiinrbonate  is  made  with  tepid  water,  and  filtered,  wa 
large  and  regular  crystals  of  bicarbonate,  having  ihe  above  conipostlil 
sometiines  deposited  after  a  lew  days.  These  are  inndorou;,  quitt  p 
nent  iu  the  air,  and  resemble  in  the  closest  manner,  crystals  of  faie 
of  potassa. 

I41THATK  or  AKMoniA,  K[I,0,NO(.  js  cssily  prepared  by  adding  c 
of  ammonia  tOflightlj-dilQlednrlric  acid  until  neuIrsliiatioD  hB!<been 
By  slow  evaporatmn  at  a  moiltrate  temperature,  it  crystnlliies  in  e 
priims,  like  Iboee  of  uiti'nte  of  potassa;  but.  as  usually  prepared  tbrn 
nitrons  oxide,  by  quick  boiling,  until  a  portion  solidifies  cumplel-ilj  Oi 
Ing,  it  forms  a  fibrnus  nnd  indistinct  crystalline  mass. 

Mitiate  of  ammonia  dissolves  in  two  parts  of  cold  water,  producim 


AMMONIUM. 

raWe  depreision  of  temperaturB, 
io  nitre  on  oontoot  Frilli  hcnted  ci 
lat  has  been  alreuilj  eiplBiineil.' 
Sdlpbidbs  or  auuosiun. — Sever 
rmcd  by  d'i»tilliag  nii.li  aal-ikmrnui 
im  or  sodmm, 

TiJe  diuhlt  tulphide  nf  ammonium  and  hydTigm.  NH^S-f-HS,  oommonly  odUed 
pilroaulphnte  dI'  amuania,  or,  more  currecilj,  hydrosulphate  of  salpliide  or 
nroonium,  ia  a  oompDnnJ  gf  gi'Biit  prncticnl  utility:  it  is  obtained  by  sntn- 
tiiig  n  solutioa  of  ammonia  with  vell-wnsbed  aulpliu retted  bydrogun  gas, 
Itil  na  mare  of  tbe  latter  ia  absorbed.  Tbe  solution  is  nenrlj  colorless  at 
'si,  bnt  becomes  yellow  after  a  time,  without,  however,  eulfering  material 
\tay.  unle.sa  it  ]iu»  been  exposed  to  tlie  air.  It  giyea  precipitntes  with  most 
Btnllic  Holutions,  whiob  are  very  jften  charaoteriBtic,  and  is  of  great  serrice 
snalytical  obeialati'y. 

Wben  diy  ammoniacal  gas  is  broaght  in  contact  witb  anbydrous  salpburia 
lid.  S  while  cryglnlline  sampound  ia  produced,  which  is  soluble  iu  water.  Ia 
ft-eehly-prepared  cold  aolutioa  of  this  eubstaace  uelther  sulphuric  add  nor 
unoniBi  can  be  found  ;  but  after  standing  some  time,  aad  especially  if  heat 
I  Applied,  it  pa.<si>s  into  ordioary  sulphate  of  ammonia. 

A  coinpouad  of  dry  timmonincal  gas  nnd  sulphurous  acid  also  exists ;  it  i> 
yellow  solubia  substance,  altogether  distinct  from  sulphite  of  Biamonia.  Dry 
krbonic  acid  and  ammonia  also  unite  to  form  a  volatile  white  powder,  aa 
resdy  mentioned. 

niiep  certain  salts,  especially  chlorides  in  an  anhydroas  state,  are  exposed 
I  Kmmoniocal  gas,  Ibe  latter  is  absorbed  witb  great  energy,  and  the  oombina- 
ODB  forinad  are  not  always  easily  decomposed  by  iieat.  The  chlorides  of  cal- 
.tun,  zinc,  copper,  and  silver  absorb  in  this  manner  large  quantities  of  the 
Its.  All  these  compounds  must  be  carefully  distingnished  from  tbe  true  am- 
loniacal  salts  containing  ammonium  or  its  oside. 


There  is  supposed  to  be  yet  anotlicr  compound  of  hydrogen  and  nitrogea 
D  which  tbe  term  amidogin  has  been  given.  When  potassium  is  heated  in  the 
■par  of  water,  tbia  substance  is  decomposed,  hydrogen  ia  evolved,  and  tbe 
Mtal  uonverted  into  oxide.  When  tbe  same  experiment  is  made  with  dry 
.■nmcniaoal  gas,  hydrogen  is  also  set  free,  and  an  olive-green  crystalline  oora- 
Mtnnd  prodnced,  supposed  to  contain  potassium  in  union  with  a  new  body, 
IH.  having  an  equivalent  of  hydrogen  less  than  ammonia. 

TVheD  ammonia  is  added  to  a  solution  of  corrosive  sublimate,  a  white  preci- 
lilste  ia  obtained,  which  has  been  long  known  in  pharmacy.  Sir  R.  Kane 
nfcrs,  from  hia  eiperimenta,  that  this  aubstance  abouid  be  looked  upon  aa  a 
>«mpound  of  chloride  of  mercury  with  amide  of  mercury.  The  latter  salt 
>ns  not  been  obtained  separately  ;  still  less  has  amidogen  itself  been  isolated. 

It  has  been  thought  that  ammonia  may  be  conaidered  an  amide  of  hydro- 
\vn,  tuiatogoua  to  water  or  oxide  of  hydrogen,  capable  of  entering  into  com- 
■ination  witb  salts  and  other  anbataoees  in  a  similar  manner,  yielding  tfnstable 
lud  easily-decomposed  compounds,  wliiob  offer  a  great  coatrast  to  those  of 
he  energetic  ;(iaii-metal  ammoaium;  the  views  of  chemista  upon  this  eabjeot 
It,  however,  still  divided. 


8M  LltBIUM. 

■MihitioB  of  Blkalioe  earbonstB.  ciolre  DinmoTii*.  vbich  mq;  be  known  bj  il 
odor  Bntl  altulin*  re*ctii>D.  Tbe  E&ltg  are  all  more  or  less  soluble.  Ihe  tdi 
tartrate  or  mninoDia  and  the  double  chloride  of  annuonium  and  platinns 
being  smoDg  tbe  least  so :  fapncc  tbe  sails  of  ammonim  oanDOt  be  dJBli  „  '  '  ' 
from  thoM  of  poUssA  bj  tbe  ledU  of  tnrUric  acid  and  platinam  solotioa. 


A  coDDectiDg  link  between  thia  cla^s  of  metals  and  the  next 
LilhioiD  is  obtained  bjr  Hlvctroljiing.  in  Dontaci  with  luercnry,  the  hjdrkte  it 
litbiu,  and  then  decomposing  tbe  amalgam  bj  distillntion.      It  m&j  alao  V 
oblaioed  by  fusing  pure  cblaride  of  iilhiuu  in  a  smali  thick  poroelaii 
knd  deoompoi-iDg  the  fu^ed  ohloride  bj  etectricitjr.     ll  is  a  nhite 
Mdiam,  and  Ter;  oiidable.      Lithiun  fuses  at  35t)°  (1S0°C) ;  its  Bpeeifie  |. 
Titj  IB  0-59,  and  it  is.  therefore,  Ihe  lightest  solid  knovn.      Tbe  oquiralenl  rf 
lltbiam  is  6-95,  and  its  B;mbol  L. 

The  oiide,  lithik.  LO.  is  faond  in  peUlile,  gpodumene,  lepidolite,  triphjll 
tioe,  and  a  few  other  minemla,  and  sametimes  occurs  in  minute  quantttiwd 
mineral  springs.     From  pctalile  it  may  be  obtained,  ou  the  amnlt  scaler  tf 
the  fallowing  process : — The  mineral  is  reduced  to  an  eiceedjnglj  fine  )h 
tailed  with  five  or  six  times  its  weight  of  pure  carbunale  of  lime,  ai 
mixture  heated  to  nhiteaeas.   in  a  platinum  orucible.  placed  withia  ■ 
ooiered  earthen  cue,  for  twenty  minutes  or  half  an  hour.     The  shnukd 
ooherenl  mass  is  digested  la  dilute  hydrochloric  acid,  tbo  whole  evnporaladg 
dryness,  acidulated  water  added,  and  the  silioa  separated  by  a  filler.     fT 
BoluUoD  is  then  mixed  with  carbonate  of  ammonia  in  excess,  boiled,  and  C 
tered;  the  clear  liquid  is  evaporated  to  dryness,  and  gently  healed  in 
num  cruoible,  to  expel  the  sal-ammoniac.     The  residue  is  then  fretted  1^ 
oil  of  Yitriol,  gently  eraporated  once  more  to  dryness,  and  ignilod :  pure  fi 
Bulphate  of  lilbia  remains. 

This  process  will  serve  to  give  a  good  idea  of  tho  general  nature  of  the  M 
ntioa  by  which  alkalis  are  extracted  in  mineral  analysis,  and  their  qoaotiDll 
determined. 

The  hydrate  of  lilhia  is  much  less  soluble  in  water  than  those  of  potn 
ftnd  soda;  tbe  carbonate  and  phospbnie  are  at^o  sparingly  soluble  salts.    H 
ohloride  oryslalliies  in  anhydrous  cubes  which  are  deliquescent.     Sulphate  w 
Uthia  is  a  very  beautiful  salt;  it  cryst^iiliies  in  leugtheued  prisms  eontu 
ane  equivalent  of  water.     It  gives  no  double  salt  with  sulphate  of  alnmil 

Tka  s*lts  at  lithlk  oqlor  tb«  outer  flame  of  the  blow-pipe  carnuii»W, 


SECTION  II. 


METAL8  OF  THE  ALKALINE  EARTHS. 


similar  to  those  m 
:ageaiiBly  hy  stroiigly  heat- 
r  of  potassium  jb  conieyed. 
id  tlie  amulgam  diEtilled  Id 


,.,  ^wuu>,»  -IB  obtained  bj^  Sir  H,  Ditj  by  c 
hi  the  ease  of  litbium :  it  is  procured  niore  ] 
ing  baryta  in  an  iron  tube,  through  wbicb  thi 
The  reduced  b&rium  is  extrnoiei  by  quiuksili 
B  small  greea  glaaa  rfltort. 

Barium  is  n,  whica  metal,  hnving  the  color  nnd  lustre  of  silvor;  it  is  malle- 
able, melts  below  a  red  beat,  decompoaea  Tater,  and  gradually  oiidii«9  in  the 
Mr. 

The  equivalent  of  this  metal  has  been  fiiud  nt  68-5;  its  symbol  is  Ba. 
PbotOXIUE  Of  BABiiiM  ;  BABYI*,  BaO. — Baryta,'  orbarjtea,  ooours  in  nature 
i&  consiilerable  abuadauce  as  carbonate  and  sulphnle,  forming  the  vfiniloM 
lamaay  letul-mities:  from  both  these  Baiir<:eB  it  may  be  extracted  with  faci- 
Ktj.  The  best  method  of  prepariiig  pure  baryta  is  to  decompose  the  crjstal- 
Qwd  nitrate  by  beat  in  a  capacious  crucible  of  porcelain  until  red  Tnpora  are 
W  Ivuger  disengaged ;  the  nitric  acid  is  resolved  into  nitrous  acid  and  oxygen, 
ud  lbs  baryta  remains  behind  in  the  form  of  a  gmyiah  spongy  mass,  fuaible 
I  ,«l  R  high  degree  of  heat.  When  moistened  with  water  it  combines  into  a 
.fcjdrata  with  great  elevation  of  temperature. 

tit  hydrate  is  a  white,  soft  powder,  having  a  great  attraction  for  carbonio 

:     Atid,  and  solnble  in  20  parts  of  cold  and  2  of  boiling  water;  a  hot  saturated 

MtutiaB  depoaiiB  cryst.tls  on  cooling,  which  oontain  BaO.HO-f-  QUO,      Sola- 

I      ti«Lof  hydrate  of  baryta  ia  a  valiiatje  re-agent;  it  ia  highly  alkaline  to  test- 

Wsr.  and  instantly  rendered  turbid  by  the  amnllost  trace  of  carbonic  acid. 

BiiraxiDB  or  barich,  BtiU|.-  this  may  be  formed,  as  already  mentioned, 
ti;  Blposing  baryta,  heated  to  fuh  redness  in  a  porcelain  tube,  to  a  current  of 
pm  oiygen  gaa.  Tlie  binoxide  is  gray,  and  forms  a  white  hydrate  with 
*>tir  which  is  not  decomposed  by  that  liquid  in  the  cold,  but  dissolves  in 
Bi>n  quantity.  The  biooiide  may  also  be  made  by  heating  pure  baryta  to 
wbua  in  a  platinum  crucible,  and  then  gradually  adding  an  equal  weight  of 
oUnnte  of  potassa;  binoxide  of  barium  and  chloride  of  potaasinm  are  pro- 
diMi).  jf^e  latter  may  be  extracted  by  cold  water,  and  the  binoxide  lelt  in 
j^  Mate  of  hydrate.     It  is  interesting  chiefly  in  its  reladon  to  binoxide  of 


tjdiogon. 


When  dissolved  in  dilute  a 


composed  by  bicbro 


iiide  of  silver,  chloride  of  silver,  sulphate  nnd  carbona 
■FBAttiDM,  BftCI+2H0.— This  valuable       " 

,  „  — tive  carbonate  in  hydrochloric  acid,  fill 

^n''"*''0g  until  a  pellicle  begius  to  form  at  the  a 


I 
I 


BABIVH. 

eoottoK  deponti  erjiUli.  Vkni  satiTc  carlxnialc  eannol  be  proenred, 
nUiTB  mlphatc  ma;  b«  emplovcd  in  the  falloiring  muioer  :^^Tbe  Snlpbsle 
retinued  to  fine  pooJer.  uid  iotinuttelj  mtie-1  with  oiiF-lbinl  of  its  weight 
powJend  cosl ;  Ihe  miliar*  ia  pressed  into  an  esriben  eracible  to  whiok 
cover  is  fitted,  and  eiposed  for  an  hoar  or  more  lo  a  high  red-beat,  bj  whi 
Ibe  tnlpbate  !■  eonterted  into  nilphide  at  the  eipense  of  the  oombodti 
matter  or  the  coal.  Tbe  black  mass  obtuDed  is  powdered  and  boiied  in  wat 
b;  whinh  the  tnlphide  is  diemlied ;  the  Bolation  is  Altered  hot,  sod  m 
with  a  alight  excess  of  hjidrochloria  aeiu ,  chloride  of  barinm  and  solpboret 
b/droien  are  produced;  tbe  latter  escaping  with  effeneiiceace.  Laatlj, 
tolutlou  ia  filtered  to  separate  aoj  little  iuaoluble  n     "  ' 

the  crjBtalli^Dg  point. 

Tbe  crystals  of  chloride  of  bariam  are  Sat,  foor-iided  tables,  co1orlen< 
iraiupsreDt.  They  contain  2  equiTalenis  of  water,  eoEil;  driTeu  off  by  hi 
100  parts  of  water  dissoWe  43-5  parts  at  B0°{16°*5C),  and  T8  parte  at  S 
(104''*6C),  which  ia  the  boiliag-poiDt  of  tbe  saturated  solation. 

NiTBATi  or  BABTTA,  BaO.NO,.  —  The  nitrate  in  prepared  by  nell. 
exactly  similar  to  the  abote,  nitric  acid  being  substituted  for  the  hydroohhl 
It  crystallizes  id  transparent  colorless  oclabedra,  which  are  Hnhydrons.  T' 
rM|aire  for  solution  8  parts  of  cold,  and  S  parts  of  bailing  water.  This 
ll  mnch  less  lolnble  in  dilute  nitric  acid  than  in  pure  water;  errors  aometi 
arise  front  Bueh  a  precipitate  of  crystalline  nitrate  of  bnryta  being  miala 
tor  ealpbale.     It  disappears  on  heating,  or  By  large  affuaion  of  watoi. 

SlTLPHATi  or  BABTTA ;  HKATT-8FAR  ;  BaO,80|.~'Fannd  native,  ettea  bl 
Ufulty  crystallized.  This  compouod  is  always  prodaced  when  salphurin  M 
or  a  soluble  sulphate  is  mixed  with  a  solution  of  a  bnrytio  salt.  It  [si 
aensibly  soluble  in  water  or  in  dilute  acids;  eTen  in  nitric  it  is  aim 
hot  oil  of  vitriol  disFiolres  a  little,  but  the  greater  part  separates  igsiii 
oooling.  Sulphate  of  baryta  is  used  as  a  pigment,  but  often  for  the  furfl 
ef  adulterating  wbite-lead ;  the  native  Belt  ia  ground  to  fine  powder  ■ 
washed  with  dilute  Hulphuric  acid,  by  which  its  color  is  improved,  and  a  HI 
oxide  of  iron  probably  dissoWed  out.  Tbe  specific  gravity  of  tbe  naturals 
phate  is  as  high  as  i-i  to  4  8. 

ScLPBItiKOr  BABIITM,  BaS.  — The  protosulphide  of  barium  is  obtaiDod 
the  toonnec  already  deaoribed  ;  the  higher  sulphides  may  be  formed  by  b( 
this  compound  with  sulphur,  Protosulphide  of  barium  crystallliea  in  fl 
and  nearly  calorlosa  plates  from  a  hot  solution,  which  contain  water,  audi 
not  very  aolublo ;  tbey  are  rapidly  altered  by  the  nir.  A  strong  solutlM  I 
■utpbide  may  be  employed  in  the  preparation  of  hydrate  of  baryta,  by  boili 
It  with  small  successive  portions  of  black  oxide  of  copper,  until  a  drop  of  t 
liquid  oeaaes  to  precipitate  a  salt  of  lend  black;  the  liquid  being  fllKit* 

eelds  on  cooling  crystals  of  hydrate.  In  this  reaction,  besides  hydrsttl 
.ryta,  hyposulphite  of  that  base,  and  sulphide  of  copper  are  produeedt  I 
Utter  is  insoluble,  and  is  removed  by  tbe  filter,  while  most  of  tbe  hyp  —  -'-^ 
remain  I  in  the  motber-tiquor.  ' 

Cabbdnate  or  bahyta,  BaO.CO,, — The  natural  carbonate  ii  oS 
wMtrilt ;  the  artificial  is  farmed  by  precipitating  tbe  chloride  or  nlMte  ■) 
an  alkaline  carbonate,  or  carbonate  of  ammonia.  It  is  a  heavy,  white  p# 
der,  very  sparingly  soluble  in  water,  and  chiefly  useful  in  the  prepamtiBi'l 
(he  rarer  baryta-aalts. 


Solutions  of  hydrate  and  nitrate  of  baryta  and  of  chloride  of  barium 
Oonstantly  kept  in  the  laboratory  as  chemical  testa,  tbe  first  being 
A  tfi'eot  the  separation  of  carbonic  acid  from  certain  gas< 
0  latter  lo  precipitato  sulphurio  acid  from  solution. 


r 
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iDus,  vhich  is  not  tbe  disc  with  those 


The  melnl  elroDtium  laay  he  obtniaed  from  Its  oxide  bf  menus  EimilHr  to 
those  descrihtid  iu  the  case  of  bHriuui ;  it  is  a  white  molal,  heavy,  oxidiiablo 
in  the  &ir,  and  onpablo  of  decomposing  water  at  aammoa  tempera tur(?a.  Mnt- 
tbiesasD  alnte?  that  Ifae  metnl  has  a  dnrk-jellow  aolor.  Its  specific  grarit;  is 
'H-M.  Ho  prcpnred  it  by  filling  b  small  crucible  having  n  porotia  ooll  with 
llie  inhydronfi  chloride  of  strontium  mixed  with  some  chlorida  of  ammoniiuii, 
'fo-that  the  level  of  the  fuaed  chloride  in  the  cell  is  much  higher  thiui  ia  the 
eruolble.  The  negative  pole  placed  in  the  cell  conaistB  of  n  very  fine  iron 
wire.  The  positive  pole  is  Kn  iroa  cylinder  placed  in  the  crucible  roaod  tbe 
B«IL  The  heat  ia  regalated  so  that  a  cruet  forms  in  the  cell,  nnd  the  metal 
eollects  under  this  omst. 

The  equivalent  of  strontium  is  4S'8.  and  its  symbol  is  Sr. 

PaOTOXiDB  of  STttOMTitiK  ;  STROSTiA ;  SrO.  —  This  couipound  is  best  pre- 
pared by  decomposing  the  nitrate  by  the  aid  of  heat:  it  resembles  in  almost 
ererj  parlieularthe  earth  baryta,  farming,  like  that  substance,  a  white 
hydrate,  soluble  in  water.  A  hot  Haturated  solution  deposits  crystals  on 
oooling,  which  contain  10  equivalents  of  water.  Tlie  hydrate  has  a  gteaC 
•ttracIioQ  for  carbonic  acid. 

BitioxiDE  OF  sTitnNTiuH,  SrO,.  —  The  binoiide  is  prepared  in  the  same 
tmumer  as  binoxide  of  barium ;  it  may  be  substituted  fur  the  latter  in  making 
Unoiide  of  hydrogen. 

Tbe  native  carbonate  and  Eulphate  of  strontin  eerve  for  the  preparation  of 
the  various  salts  by  means  exactly  similar  to  those  already  described  in  the 
ease  of  baryla;  they  have  a  very  feeble  degree  of  solubility  in  water, 

Cblobide  Of  aTRONTiuM,  SrCI.  —  The  chloride  crystalliies  in  colorless 
needles  or  prisms,  which  are  slightly  deliquescent,  and  solable  in  2  parts  of 
eold  and  still  less  of  boiling  water ;  Che;  are  also  soluble  in  alcohol,  and  the 
■olution,  when  kindled,  bums  with  a  crimsnu  flame.  The  crystals  contain  6 
•qnivalents  of  water,  which  they  lose  by  heat;  at  a  higher  temperature  the 
cAloride  fuftos. 

NiTBATB  OF  8TBOKTIS,  SrO,  NO,,— This  salt  crystallites  in  anhydrous  oota- 
liedrs.  which  require  for  solution  o  ports  of  cold,  and  about  half  tbeir  weight 
ot  boiling  water.  It  ia  principally  of  value  to  the  pyrotechnist,  who  employs 
it  in  tbe  composition  of  the  well-known  "  red-fire." ' 


This  is  a,  silver-white  and  extremely  oxidable  metal,  obtained  with  great 
diflicullj  by  means  analogous  to  those  by  which  barium  and  strontium  are 
pmoured.  Multhiessen  says  that  pure  calcium  is  a  light-yellow  metal,  of  the 
color  of  gold  alloyed  with  silver.  It  is  partioularly  duclile,  and  may  be  Cut, 
"  '        'lamroered  into  thin  plates.      He  obtained  it  in  small  beads  by  fusing 


valenls  of  chloride  of  calcium  and  one  of  chloride  of 


'Bid-Tim:—  Qralm,  I  GBEBS-Prai>—  Gmini 
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Tba  KtroDtlKarlMiTt'i-"*!*' the  mlphm',  and  the  lunpblich,  most  be  Snelj  potrdBred  idi 
td  Bliad  wltbout  much  rubbing  with  tbe  Dtbu  isgndliala.    The  nd-fln  oompnEitlDn  b* 
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I 


ft  small  qaBDtit;  of  ohlaride  of  ammoiiliiin  in  a  emM  pc 

wLioh  a  carbon  pasitive-pole  ie  plaoed,  and  a  pointed  ii 

nitb  tbe  linc  of  the  bnttcrj  ie  mn[li>  (o  touch  the  surfncs  of  tbe  liquid.    1 

reiluoed  metal  fuses  and  drops  off  from  llie  point  cf  the  iron  wire,  and  I 

fasad  is  romoved  from  tbe  liquid  b;  a  email  iron  spatula. 

Tbe  eqaivBlent  of  calcium  is  20;  its  symlinl  is  Ca. 

pROTosiDB  or  CAiciUM;  limb;  CaO.  Tbia  oitremelj  important .conipOT 
ina;  be  obtained  in  a  state  of  considerable  purit;  b;  heating  to  full  redil 
for  some  time  frafiDients  of  tbe  blaok  bituminous  marble  of  Derbj^irv 
Kilkenny.  If  required  absolutely  pure,  it  must  be  made  by  igniting  to  *i 
nesa,  in  a  platinum  oruciblo,  an  artificial  carbonate  of  lime,  procured  by  p 
cipilating  the  nitrate  by  carbonate  of  ammonia.  Lime  in  an  impure  slati 
prepared  for  building  and  agricultural  purposes  by  calcining,  in  a  Idbi 
suitable  construction,  the  ordinary  UmcEtonee  which  abound  in  many  i 
tricts:  a  red  heat,  continued  for  some  hours,  is  sufficivut  to  diaenptge  t 
whole  of  tbe  carbonic  acid.  In  tho  best-contrived  iimekilnB  the  prowit 
carried  tm  continuonsty,  broken  limestone  and  fuel  being  constanUy  tbrq 
in  at  the  top,  and  tbe  burned  lime  raked  out  at  interrale  t^m  benat 
Sometimes,  nhen  the  limeatone  contain  silica,  and  the  heat  haa  been  *( 
liigh,  the  lime  refuses  to  slake,  and  is  said  to  be  Dver-bumed ;  in  this  olil 
portion  of  silicalfl  has  been  formed. 

Pure  lime  is  white,  and  often  of  cooHiderable  bBrdneaa;  it  is  quite  infOal 
and  phosphoresces,  or  emits  a  pale  light  at  a  high  temperature.  When  ma 
tened  with  water,  it  slakes  with  great  violence,  evoWIng  heat,  and  cnmliG 
to  a  soft,  white,  bulky  powder,  which  ia  a  hydrate  containing  a  single  eqiA 
lent  of  water ;  the  latter  can  be  again  eipelled  by  a  red-beat.  This  hydn 
ia  soluble  in  water,  but  far  lesa  so  than  either  the  hydrate  of  baryta  or . 
strontia,  and  what  is  very  remarkable,  the  eoldtr  the  water,  the  largiT  i 
quantity  of  the  compound  which  is  taken  ap.  A  pint  of  water  U  i 
(16''-5C^  dissolves  about  11  grains,  while  at  211"  {)00=C)  only  7  grain-* 


id  in  solution.     The  hydrate  has  boen  obtaineil  in  thin  delicate  oi, 
by  slow  evaporation  under  the  air-pump.      Lime-water  is  always  prepM 
for  ahemioal  and  pharmaceutical  purposes  by  agitating  cold  water  witft  < 
cesa  of  hydrate  of  lime  in  a  closely-stopped  veaae!,  and  then,  after  subsidM 
pouring  off  the  clear  liquid,  and   adding  a  fresh   quantity  of  water,  t 
another  occasion:  there  is  not  the  leoat  occasion  for  filtering  Ibe  ■otallllf 
Lime-water  has  a  strong  alkaline  reaction,  a  nauseous  taste,  and  whn  '^M 
posed  to  tbe  air  becomesalmosttnstantly  covered  with  a  pellicle  of  narbinit^  ■ 
by  absorption  of  carbonic  acid  from  the  atmosphere.     It  is  used,  hke  biiTl*-  I    . 
water,  as  a  teat  for  that  aubstance,  and  also  in  medicine.     Lime-water  pf-  !■ 
pared  from  some  varietiBa  of  limestone  may  contain  potassa. 

The  hardening  of  mortars  aad  cements  ia  in  a  great  measure  doe  U  lb 
gradual  absorption  of  carbonic  acid;  but  even  after  a  very  great  langtbul 
time,  this  conversion  into  carbonate  ia  not  complete.   Mortar  is  known,  ■»)' 
favorable    oircumslances,   to   acquire   extreme   hardness  with  age.    lAVfJ 
eemonts  which  resist  the  action  of  water  contain  the  oxides  of  iron,  ilU^ 
and  alumina :  they  require  to  be  carefully  prepared,  and  the  stone  not  tr 
healed.    When  ground  to  powder  and  mixed  with  water,  solidifioatioo  Sf    ' 
ensues,  from  causes  not  yet  thoroughly  understood,  and  the  cemeni,  ol 
this  condition,  ia  unaffected  by  wet.     Parker's  or  Roman  c( 
this  manner  from  the  nodular  masses  of  caioareo-argillaceous  ironstone 
In  the  London  clay.     Lime  is  of  great  importance  in  agriculture ;  it  'a 
more  or  loss  in  every  fertile  soil,  and  ia  often  very  advantageously  add. 
Uia  cultivator.     The  decay  of  vegetable  fibre  in  the  soil  ia  promoted,  ri 
Other  important  objects,  aa  the  destruction  of  certain  hurtful  oompoBidl  4 
Jroa  in  marsh  ud  peat-land,  ia  often  attained.   The  addition  of  lime  p  ' 


iberate  potnssa  from  the  inaQlubls  silicate  of  tbat  baas 

BiNosiDH  or  CALCitiH,  CaOj. — This  ia  stated  to  resemble  binoiide  of 
bnriuin,  and  to  be  obtainable  by  treating  lime  with  binoiide  of  hjdrogeu. 

CuIpObide  of  calcidu,  CnCI.  —  Usually  prcpitrci)  by  dieealviug  marble  in 
hfdrochlaric  aoid  ;  also  a  by-produDt  in  Boieral  ahemical  manufactures.  Tlifl 
Halt  Beparates  from  a  strong  solution  in  colorless,  prismatic,  and  exceedingly 
deliquescent  crystuls,  irhicb  eonlnin  6  equivalents  of  water.  By  beat  this 
mcer  is  uxpelled,  and  by  a  tompcrntnre  of  strong  ignition  the  salt  is  fnsed. 
The  crystals  rednoed  to  powder  are  employed  in  tbfi  prodnction  of  srtiBoial 
•old  by  being  mixed  witb  tvovi  or  powdered  ice ;  and  the  chloride,  strongly 
dried  or  in  a  fused  condition,  is  of  greit  practical  use  in  desiccating  gases,  for 
whicb  pnrpoae  the  latter  are  slowly  transmitted  through  tubes  filled  with 
fragments  of  the  salt.  Cblonde  of  ealcium  is  also  freely  soluble  in  alcohol, 
vbioh,  when  anhydrous,  forma  with  it  a  deSnite  cry  stall  isnhle  compound. 

SuLPUiuB  OF  CALCicu.  —  The  simple  sulphide  is  obtained  by  reducing  sul- 
phate of  litne  at  a  high  temperature  by  charcoal  or  hydrogen ;  it  is  nearly 
ndorleas,  and  but  little  soluble  in  water.  By  boiling  together  hydrate  of  lime, 
witter,  and  flowers  of  sulphur,  a  red  solutian  is  obtained,  wbieli,  on  cooling, 
depoaita  cryittals  of  bisulphide,  which  contaiu  water.  When  the  sulphur  is  in 
excess,  aud  the  boihag  long  oontiiined.  a  pentasnlpbide  is  generated ;  hypo- 
Nilpburous  acid  is,  as  usual,  formed  in  these  reactions, 

Pbosphiuh  o»  OAioittM. — When  the  Topor  of  phospoma  is  passed  over* 
fragments  of  lime  heated  to  redness  in  a  porcelain  tube,  n  chocolate-brown 
compound,  (he  so-called  photplade  of  lime,  is  produced.  This  substance  ia 
probably  a  mechanical  mixture  of  phosphide  of  calcium,  and  phosphate  of 
lime.     It  yields  spontaneousl;  infiammable  phosphorettcd  hydrogen  when  put 

SniiPHATE  OF  LiHx ;  oYpanH;  BKLENTTE ;  CaO,SOj.  —  Katiie  sulphate  of 
Ume  in  a  crystalline  condition,  contaiuing  2  equivalents  of  water,  is  found  in 
eansiderable  abundance  in  some  localities:  it  is  often  associated  with  roek- 
■alt.  When  regularly  crystallized,  it  is  termed  teltnite.  Anhydrous  aulphnta 
of  lime  is  also  occasionally  met  with.  The  salt  is  formed  by  piecipitntion, 
VheD  a  moderately -concentrated  solution  or  chloride  of  calcium  is  mixed  with 
EBlphuric  acid.  Sulphate  of  lime  is  soluble  in  obont  500  parts  of  cold  water, 
and  its  solubility  is  a  little  increased  by  heat.  It  is  more  soluble  in  water 
ooBlBiniag  chloride  of  animoniiim  or  nitrate  of  potassa.  The  solution  is  pre- 
cipitated by  alcohol.  Gypsum,  or  native  hydrated  sulphate,  is  largely 
nnployed  for  the  purpose  of  making  casta  of  statues  and  medals,  and  also  fol 
meolda  in  the  porcelain  aod  earthenware  manufaclares.  Hod  for  other  appli- 
cutioDB.  It  is  exposed  to  heal  in  an  oven  where  the  temperature  does  not 
■soeed  260°  (I26°'6C),  by  which  the  water  of  crystallization  is  expelled,  and 
■fterwards  reduced  to  a  fine  powder.  When  mixed  with  woler,  it  solidifies 
ftfler  a  abort  time  from  the  re-formation  of  the  same  hydrate  ;  but  this  effect 
joes  nut  happen  if  the  gypsum  has  been  over-heated.  It  is  often  called 
plaster  of  Paris.  Artificial  colored  marbles,  or  acagliola,  ore  frequently  pre- 
pared by  inserting  pieces  of  natural  atune  in  a  soft  stucco  containing  this 
■obalance,  and  polishing  (he  sorface  when  the  cement  has  become  hard.  Sul- 
filiate  of  lime  is  one  of  the  most  common  impurities  of  spring-water.  « 

The  peculiar  property  water  acquires  by  the  presence  in  it  of  lime  is  termed 
kardnea.  It  manilesis  itself  by  the  effect  such  waters  have  upon  the  palate, 
ftnd  particularly  by  its  peculiar  Ijebavior  with  soap.     Hard  watara  yield  a 

■  Ae«Tillng  to  X.  Paul  Th^Dard.  the  phnspblile  of  nlctom  sxIiMdr  la  tbla  mixtun',  bu  tbi 
.    "■■"  —  jcbO-J- Pill.— (I'agB  IS6}    Thugroiior  porlWn  of  Ijie  liijulcl  phoaphiUatr '■- 
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lather  with  losp  only  after  (be  whole  of  the  lime-saltfl  have  been  tbroim  di 
from  the  water  in  the  form  of  an  insolable  lime-Boap,     Upon  Ibis  prioe 
pTof.  Clark'a  roap-test  for  tbe  hardness  of  water  is  biued.'     The  hnrdness  pn* 
ducod  b;  flulpbate  of  lime  is  called  pirmantnl  kardtita;  since  il    ~  '  '" 

lemcdied. 

Cahbonatk  at  like;  chalk;  limehtosx;  hakblk;  CaO,  CO^- 

of  lime,  often  more   or  less  contunuDated  b;  pratoiide   of  iron,   einy,  a 

organic  matter,  forois  ructj  beds,  of  immense  extent  and  thickness,  in  linii 

I    ever;  part  of  thu  world,     Tbese  present  Ibe  greatest  diversilies  of  texU,^^^ 

_Aiid  appenranoe,  arising,  in  a  great  measure,  from  changes  to  whicb  tbej  lu 

I  keen  subjeeWd  since  tbuir  deposition.     Tlie  most  ancient  and  bighly-arjrt 

I  fine  UmestonoB  are  destitute  of  liaible  or^nic  remnina,  while  those  of  w 

recent  origin  are  often  eutiiel;  made  np  of  tbe  shell;  exuviee  of  once-ltTii 

beings.     Sometimes  these  latter  are  uf  suah  a  nature  as  to  show  Ibiit 

animals  inhabitated  tVobh  water;  marine  species  and  Corals  are,  howeier,  n  ., 

abundant.     CaTiIiea  in   limestone  and   otber  rocks  are  .very  ofteo  tiaej  nil 

magnificent  crystals  of  carbonate  of  lime  or  calcareons  (<pnr,  which  hi 

eyidentlj  been  slowly  deposited  from  a  watery  Bolntion.     Carbonate  of  Hi, 

is  always  precipitated  when  an  alkaline  carbonate  is  mixed  with  a  Bolali[ni(l( 

that  base. 

Altbough  this  subt'tance  is  not  sensibly  soluble  in  pnre  water,  it  Is  frM 
taken  up  when  carbonic  acid  happens  at  the  same  lime  to  be  present  B 
little  lime-water  be  poured  into  a  teasel  of  that  gas,  the  turbidity  first  H 
duced  disappears  on  agitation,  and  a  transparent  solution  of  carbonolef 
lime  in  excess  of  carbonic  acid  is  obtained.  This  solution  is  deEomposedeM 
plelely  by  boiling,  the  carbonic  acid  being  expelled,  and  the  «ArbanBt<|W 
sipitated.  Since  all  natuiSil  waters  contain  dissolied  carbonic  ncid,  it  is  tol 
expected  that  lime  in  ibis  condition  should  be  of  very  common  occnrr 
and  such  ia  really  found  to  be  the  fact;  river,  and  more  especially  )| 
water,  almost  invariably  oonlaining  carbonate  of  lime  thus  diasolTed.  bi 
limestone  districla,  (his  is  often  the  case  to  a  great  extent.  The  hardnm^' 
water,  which  is  owing  to  the  presence  of  carbonate  of  1' 
since  ills  diminiahed  to  a  very  considerable  extent 
nearly  removed  by  inixiDg  Ibe  hard  water  with  limewater,  whenboth  the'^t^ 
solved  carbonate  nnd  the  dissolved  lime,  which  becomes  thus  carbonated,  Ut 
precipitaled.  Upon  thia  principle  Prof.  Clark's  procesa  of  softening  wsteri^ 
based.  This  process  is  of  considerable  importance,  since  a  supply  of  k<~' 
water  to  towns  is  in  many  respects  a  source  of  great  inconvenit  ' " ' 

been  already  laentioned,  tbe  use  of  such  water,  for  the  purpose. 
Is  attended  with  a  great  loss  of  soap.     BoilerB,  in  which  such  wb 
speedily  become  lined  with  a  Ihiok  stony  inoru station.*    The  beaotiful  sC 
tilic  incrustations  of  limestone  caverns,  and  tbe  depos' 
vertin  upon  various  objects,  and  upon  tlie  giound  iu  many  places,  k 
explained  by  the  solubility  of  oarhonale  of  Ume  in  water  containing  o) 
acid. 

Crystalliied  carbonate  of  lime  exhibits  the  curious  proper^  of  dimorplibB: 
calcareous  spar  and  arragonitc,  altbough  poeaesaing  tbe  same  chemical  vr 
position,  both  containing  single  equivalents  of  lime  and  carbonic  acid,  ■ 
nothing  beaidcs,  bnve  different  crystalline  forms,  diSerent  densities,  I 
different  optical  properties. 

The  former  occurs  very  abondantly  in  oryalala  derived  from  an  obtnaeriu 
1  Journal  nf  Ihe  PhurnMeutlial  Sodolj,  t 


I  supply  01  Hui 
:nience.  As  la 
OSes  of  wbsUh 
water  is  bwlot 


lotiCD  ol 


4hi«  |j»n  il  ijU{ipJloabl«  in  tbft  oaaa  of  pi 
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,  whose  anglaa  maasure  105='5'  and  Ti^-GS':  its  density  Tiriaa  from  2-S 
■8.  The  rrerer  ynriely,  or  arragonlle,  is  found  in  erjatalH  whoae  primnry 
1  is  a  right  rhombic  priam;  a.  fignra  baving  no  geomelrioiil  relation  to  tha 
leding;  it  is,  besiJes,  ha.iTier  and  b'avder. 

uoaPBATKa  or  lihe. — A  number  of  distinct  compuundit  of  lime  and  phns- 
rio  aeid  are  knonn.  Two  Iribasie  phosphala,  2CnO,UO,POs  ftuil  8CaO, 
,  are  produced  wben  the  eorroaporiiiing  soda-salCs  are  added  in  solution  to 
ride  of  cnloinm  ;  tbe  first  is  sligbtlj  crystalliue.  and  the  itecond  gelnlinoua. 
in  the  first  phosphate  is  digested  wltli  ammonia,  or  di^soived  in  ncid,  and 
■eoipitated  by  that  alknli,  it  ia  conTerted  into  the  second.  The  eartli  of 
es  consists  principally  of  what  appears  to  be  a  combinatiop  of  these  two 
J.  Anotiiar  phosphate,  oontainiug  2  equivalents  of  basic  water,  has  beeo 
iribed,  which  completes  tbe  series ;  it  is  formed  by  diasolTing  eitbei-  of  the 
^ing  in  pbosphorio,  hydrochloric,  or  nitrio  acid,  and  evaporating  until 
Bait  separates  on  cooling  in  small  platy  orystala.  It  ia  tbe  aubatance 
eh  yields  phosphorus,  when  baated  with  cbarcoal,  in  tbe  ordinary  prouesa 
laaufactnre  before  described.  Bihasic  and  manobaaie  phoiphalet  ofUmt  also 
t.  Thoae  phosphates,  although  insoluble  in  watar.  dissolve  readily  in 
te  aeids,  eien  acetic  acid.     The  mineral  apatite  ia  chiefly  phosphate  of 

toOBIDE  oi"  CAioinMi  FLUOK-sPAn ;  CoF. — This  sabstince  is  important  aa 
most  abuniiatit  natural  source  of  hydrofluoria  acid  and  the  othar  Suorides. 
MUra  beantifully  cryat]Lllized,  of  various  colors,  ia  lead-veios,  the  cryatala 
Ing  oommonly  the  cubic,  but  aometimea  the  octahedral  form,  parallel  to 
fftces  of  which  latter  figure  they  always  cleave.  Some  varieties,  when 
(ed,  emit  a,  greenish,  and  same  a  purple  phosphorescent  light.  The  Una- 
i  is  quite  insoluble  in  irater,  and  is  decomposed  by  oil  of  vitriol  in  the 
mer  already  mentioned,  vide  p.  lUT. 

BtOBiDB  at  LIMS  ;  BLEACH  iNO-POWDKE.,  —  Wbcu  hydrate  of  lime,  very 
hlly  moist,  ia  exposed  to  chlorine  gaa,  the  latter  is  oagarly  absorbed,  and 
impound  prodncad  which  has  attracled  a  great  deal  of  attention  ;  this  is 
bleaching- powder  of  commeroe,  now  manufactured  on  an  immense  scale, 
tdeachiag  linen  and  cotton  goods.  It  is  requisite,  ia  preparing  this  aub' 
UB,  to  aToid  with  tbe  greatest  care  all  eletatiua  of  temperature,  which 
f  tw  easily  done  by  slowly  supplying  tbe  chlorine  in  tbe  first  instance, 
(product,  when  freshly  and  well  prepared,  is  a  soft,  white  powder,  which 
tuts  moisture  fi-om  the  air,  and  exhales  an  odor  sensibly  different  from 
i  of  chlorine.  It  is  soluble  in  about  10  parts  of  water,  the  unaltered 
ihsle  being  loft  behind ;  the  solution  is  highly  alkaline,  and  bleaches  feebly. 
Hn  hydrate  of  lime  is  suspended  in  cold  water,  and  chlorine  gas  trans- 
Vni  dirongb  the  mixture,  tha  lime  ia  gradually  dissolved,  and  tha  same 
HUsr  bleaching  compouud  produced  :  the  alkalies  alao,  either  caustic  or 
ftquited,  may  by  similar  means  be  made  to  absorb  a  largo  quantity  of 
Itrine.  and  give  rise  to  correspondiug  compounds ;  such  are  the  "  disinfect' 
rtDlutions"  of  M.  Labarraque. 

rba  most  oonsistent  view  of  the  coQstitution  of  theae  curious  compounds  is 
jtwhieh  supposes  them  to  contaia  sails  of  bypocblorous  acid,  a  substance 
Itauu-kable  lor  bleaching  powers  as  chlorine  itself;  and  Ibis  opinion  scema 
no  Aat  by  a  careful  comparison  of  the  properties  of  the  bleaching  salts 
b  those  of  the  true  hypochlorites.  Hypoeblorona  acid  can  be  actually 
lined  from  good  bleacbing-powder,  by  dislilling  it  with  dilute  aulphnrio  or 
id  acid,  in  quantity  insutScient  to  decompose  the  whole  ;  when  the  acid  is 
1  ia  excess,  chlorine  is  disengaged.' 

fthis  view  be  correct,  chloride  of  calcium  must  he  formed  simultaneously 
I  t^B  hypochlorite,  as  in  the  following  diagram : 

'  M.  Oiy  Luesoc^  Ana,  Cbim.  Bt  Pbys.  3rd  uriei,  v.  SW. 
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^Cliloride  of  caloiiiiB. 


asltj-poehlorita  of  lime. 


2C»0  +  2Cl  =  C»C1  +  C«0,CIO 
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Vben  Ilia  Uraptrntiirc  of  the  brdrate  of  lime  hna  riBen  daring  (he 
or  rhc  elilorine,  or  whc^n  Ihe  oompanntl  has  been  gub^eqaenlly  exposed  toi 
ill  bleaching  properlie*  are  impairol  or  altogether  doslrajed  ;  it  then  coM 
eblonita  of  lime  and  chloride  of  calciam;  ai;gea,  in  variable  qnanti^ 
nuaally  set  free.  The  wme  cb&nge  seems  lo  ensue  by  long  keeping,  tn 
the  nammoD  temperature  of  the  air.  In  an  open  vesael  it  is  sperdil;  ilealr 
1>7  the  oarbonic  acid  nf  the  atmosphere.  Commercial  bleach ing-poirdar 
OoniEantlj  lariee  in  Talne  with  its  age,  and  «i)h  the  care  origianllj  beW 
ttpon  its  preparation :  the  beat  mn}'  cnnlain  about  30  per  cent,  of  aTiJI 
•hlorlne.  eaeil;  liberated  bj  an  acid,  which  is,  hoireTer,  far  short  of  thtt 
ntieal  quantity. 

The  general  method  in  irhieh  this  8iil»tanee  is  employed  for  bleaching  ii 
following:  — the  goods  nre  firal  immersed  in  a  dilute  solation  of  ohlorid 
Itme,  and  then  transferreil  to  a  lat  containing  dilute  enlphuHc  acid-  IP« 
poBitioQ  ensues;  both  the  lime  of  the  hypochlorite  und  the  oaloiam  of' 
chloride  are  converted  into  sulphiite  of  lime,  while  the  free  hjpochlorDBt 
hydrooblorio  aald  yield  water  and  free  chlorine. 

The  chlorine  thus  disengaged  in  contact  with  the  cloth  causes  the  da 
tion  of  the  coloring  matter.  This  process  is  often  repeated,  it  being  K 
lo  use  strong  solutions.  White  patterns  are  on  this  principle  imprintedi 
flolorod  olotb,  theflgures  being  slamped  with  tartaric  acid  thickened  irilhj„ 
water,  and  then  the  staff  immersed  in  the  chloride  bath,  when  the  psrn 
which  no  acid  has  been  applied  remain  unaltered,  white  the  printed  pel*' 
are  bleached. 

For  purifying  an  offensive  or  infections  atmosphere,  at  an  aid  to  vroae 
tilation,  the  bleaching- powder  is  very  convenient.  The  solution 
■hallow  vessels,  or  cloths  steeped  in  it  are  suspended  in  the  apartment  _ 
the  oarbonio  aoid  of  the  air  slowly  dooomposea  it  in  the  manner  abort 
scribed.  An  addition  of  a  slrnng  aoid  causes  rapid  disi 
chlorine. 

The  valua  of  any  sample  of  hleaching-powder  may  he  easily  detennimi 
the  following  method,  in  which  the  feebly-combined  chlorine  is  eatimalel 
its  effect  in  peronidiilng  a  protosalt  of  iron,  of  which  two  equivalents  i«; 
on«  of  ohiorine:  the  latter  acts  by  decomposing  water  and  liberating  ad 
■ponding  quantity  of  oxygen  —  78  (more  correctly  78'1G|  grains  of  J 
tiulpbate  of  iron  are  disisolved  in  about  two  ounces  of  water,  and  M/AM 
by  a  few  drops  of  sulphurio  or  hydroohlorio  aoid;  this  quantity  will  nq 
for  poroiidalion  10  grains  of  chlorine.  Fifty  grains  of  the  chloride  «f 
to  be  exBmined  are  next  rubbed  up  with  a  little  tepid  water,  and  thai 
tnuisferred  to  the  nlkalimetcr'  before  described,  which  is  then  filled  op 
with  liquid  water,  after  which  the  eontenis  are  well  mixed  by  agitatiall. 
liquid  is  next  gradualtj  poured  into  the  solution  of  iron,  with  constant  i^ 
until  tbs  latter  has  become  peroiidized,  which  may  be  known  by  a  insf* 
Ing  to  give  a  deep-bine  precipitate  with  ferricyanide  of  polassinm.  Tkil 
ber  of  grain-measures  of  the  chloride  solution  employed  may  Uira  ba 
off;  since  these  must  contain  10  grains  of  servieoahlo  chtoHne.  the  qnai 
of  the  laller  in  the  60  grains  ma;  be  easily  reckoned.  Thus,  suppose  73 : 
a  hftTS  been  taken,  then 

•  vuip.iu. 


ir  oontninp,  tberofore,  27'T8  per  oent.' 


Baryta,  atrontiit,  and  lime  art)  tliii3  distinguieliod  fVom  all  other  substaciaci, 
■ttd  froifi  eacb  athpr. 

Caiutio  potaB9«,  when  free  from  carbonate,  and  caostio  ammonia,  oooasion 
no  precipitates  iu  dilult  solutions  of  the  earths,  especiallf  of  the  first  two,  the 
faydrateB  being  soluble  in  wn.lcr. 

Alkaline  cnrbonates,  and  carbonate  of  ammonia,  give  white  preaipitatoa, 
liDBoluhle  in  eioesa,  of  the  preeipitant,  nitli  all  three. 

Snlpfauric  acid,  or  a  sulphate,  added  to  lery  dilute  aolutioDa  of  the  earths 
in  qaestioD,  giToa  an  immediate  white  precipitate  with  baryta,  a  t^imilnr  pre- 
«£pltate  after  a  short  interval  with  strontia,  and  occaBiona  no  change  with  the 
lime-aalt.     The  precipitates  with  bnrj'ta  and  strontia  are  ineoluble  iu  nitric 

Bolntion  of  BulphnCe  of  lime  girea  an  inetantaneous  cloud  with  baryta,  and 
Oata  with  strontia  after  a  little  time.  Sulphate  of  t<troutia  is  itself  suffioicntlj 
Wlable  to  occasion  turbidity  when  mixed  with  chloride  of  barium. 
,  Laatl;,  the  soluble  oialatea  give  a  white  precipitate  in  the  moat  dilate  solu- 
tions  of  lime,  which  is  not  dissolved  by  a  drop  or  two  of  hydroobloric  or  by 
■O  excess  of  aoetio  acid.      Thia  is  an  cioeedingly  oharacteriatio  test. 

The  clilondea  of  strontium  and  calcium  dissolved  in  alcohol  color  the  flams 
ol  the  latter  red  or  purple ;  suits  of  baryta  communicate  to  the  Bame  a  pale- 


A  few  pellets  of  sodium  are  placed  at  the  bottom  of  a  test-tube  of  hard 
Qerinan  glass,  and  covered  with  fragments  of  fused  chloride  of  magnesium. 
Tbe  heat  of  a  spirit-lamp  is  th^n  applied  until  reaction  has  been  induced: 
thia  takes  place  with  great  violence  and  elevation  of  temperature,  chloride  of 
sodium  being  formed,  and  nielallic  magnesium  set  tree.  When  the  tube  and 
Its  eonlents  nre  completely  culil,  it  is  broken  up,  and  the  frogmcuts  put  into 
eold  water,  by  which  the  metal  is  separated  from  the  salt. 

finusen  has  lately  succeeded  in  reducing  the  magnesium  by  the  decomposi- 
SpD  of  rnsad  chloride  of  magnesium,  by  means  of  (he  electrio  batcery.> 

Magnesium  ia  a  white,  malleable  metal,  of  1-T5  sp.  gr,,  fusible  at  a  red 
lia&t;  it  is  almost  as  volatile  as  zinc,  and  can  therefore  bo  purified  by  distil- 
lation. Mngneaiiim  is  not  sensibly  acted  upon  by  cold  water;  it  ia  oxidized 
by  hot  water.  Heated  in  the  air,  it  bums  and  prodnoes  mngneaia,  which  ia 
the  only  Diide.  Sulphuric  and  hydrochloric  acids  dissolve  it  readily,  evolving 
hydrogen. 

The  equivalent  of  this  metal  is  12,  and  its  symbol  Mg, 

Haqhkbia;  calcined  haonksiaj  MgO.  —  This  is  prepared  with  great  ea^a 
by  exposing  the  nagnctia  alba  of  pharmacy  to  a  full  red  heat  in  an  earthen 
or  platinum  crucible.  It  forma  a  soft,  while  powder,  which  slowly  attracts 
moisture  and  carbonic  acid  from  the  air,  and  unites  quietly  with  water  to  a 
hydrate  which  possesses  a  feeble  degree  of  solubility,  requiring  about  5000 
parts  of  water  at  60=  (15=-iC)  and  36,000  parts  at  212"  (lOO^Cj.     The  alka- 


■H 


w 

^^^H     encJ  ntnte  iipoii  t 

^^m    piece  manaer.     It  is  iilfu'slblo. 

^^^K        Chlubidk  of  HAQNReiuH,  MgCI. — When  rangneBia,  or  its  ofirboDBte,  is 

^^^H  Mlved  in  bjdroclilorie  nci<3.  there  oati  be  no  doubt  r^Hpeating  the  Bimnltani 

^^^H  prodnotioD  of  chloride  of  miignegiuin  anil  wnlcr ;  but  vhen  this  Holation  M 

^^^^K  ||a  be  evapnrHled  to  ilryness,  the  last  portions  of  water  nre  retained  with  ^ 

^^^r  Dbstinsoy.  thnt  decomposition  at  tbe  wftter  is  brought  ubout  bj  the  oonoon 

I  attrtctionN  of  lungnQsium  for  oxygen,  and  of  chlorine  for  hydrogeoj  fa^i 

ohloric  Rcid  is  expelled,  nod  mngnesia  reniains.    If.  liowcTer,  aal-iiniinaDia 

chloride  of  potAssinin  happen  to  he  present,  a  double  salt  is  produced,  tI 

1b  easily  rendered  anhydroun.     The  beet  mode  of  preparing  the  ohluride 

diride  a  quantity  of  bydroehlorio  acid  into  two  equal  porliona,  to  nentr 

one  with  magnesia,  and  the  other  with  ammonia,  or  carbonate  of  aniDKM 

to  mix  these  aolutions,  evaporate  then)  to  dryness,  and  then  expoaa  the  i^ 

a  rod-heat  in  a  loosely- covered  porcelain  crucible,     fial-ammoniae  BobliB 

and  chloride  of  Dingneainm  in  a  fused  state  remaina;  the  latter  is  poonkli 

upon  a  clean  stona,  and  when  cold,  transferred  to  a  well-stopped  bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  ia  very  deliqtWM 
and  highly  soluble  in  water,  from  wbioh  it  cannot  again  be  recovered  bjll 
poratiun,  for  the  reasons  jaat  mentioned.     When  long  exposed  to  tbe  liri 

I    melted  state,  it  is  converted  into  magnesia.     It  is  solnble  in  alcohol. 
Salpliide  of  magnesium  is  formed  by  passing  vapor  of  bisulphide  of  01^ 
o^er  magnesia,  in  capsules  of  coke,  at  a  strong  red-heat. 
SoLFHATEorHAONEsiAj  EpsoH  SALT ;  MgO,SO,  +  71IO.-<Thia  Salt 
in  sen-water,  and  in  that  of  many  mineral  spiings,  and  is  now  null    ' 
la  large  quantities  by  acting  on  magnesian  limestone  by  diluted 
■cid,  and  separating  the  anlphate  of  magneeia  from  the  groBter  part  of 
■lightly-soluble  Buipbale  of  lime  by  the  filter.     The  crystals  are  derived  ft 
a  right  rhombic  priam  ;  tbey  are  solnble  in  an  equal  weight  of  water  ■(  I 
{ISf-bC),  and  in  a  still  smaller  quantity  at  21!1°   (IOD°C).     The  Bait  hu 
nausBOng  bitter  taste,  and.  like  many  other  neutral  salts,  purgative  prop 
Vhen  exposed  lo  heat,  6  equivalents  cT  water  readily  pass  off,  the  B 
being  energetically  retained.      Sulphate  of  magnesia  forms  beautiful 
latts  with  the  sulphates  of  potassa  and  ammonia,  which  contain  6  eqiw 
of  water  of  eryslalllzation. 
Casbohatb  of  uaonesia. — The  ntulral  carbonate  MgO,COp  occurs  na 
rhombobedrai  cryatals,  resembling  those  of  calcareous  spar,  embedded  i 
Blate ;  a  soft  earthy  varioty  is  sometimes  met  with. 
When  tnegnaia  alba  is  dissolved  in  carbotiio  Bcid  water,  and  the  solntll 
I  left  to  evaporate  spontaneously,  small  prismatic  crystals  are  dopoatted,  ithl 

'  ooHsiat  of  carbonate  of  magnesia,  with  8  equivalents  of  water. 

The  magnesia  alba  itself,  al1houf;h  oflen  called  carbonate  of  ntagnenia,  ia  I 
BO  in  reality ;  it  is  a  compound  of  carbonate  with  hydrate.     It  is  prepared 
ing  hot  solutions  of  carbonate  of  potiissa  or  soda,  and  sulphate  of  n> 
ia,  the  latter  being  kept  in  slight  excess,  boiling  the  wltole  a  few  nilnilli 
daring  which  time  much  carbonic  acid  is  disengaged,  and  then  well  Widh 
precipitate  so  produced.     If  the  solution  be  very  dilute,  the  nugoei 
ia  eioeedingly  light  and  bulky;  if  otherwiso,  it  ia  denser.     Tha  comr 
n  of  tbis  precipitate  ia  not  perfectly  constant.     In  most  cases  11  otoiiu 
4  (MgO,COj)-f  MgO.HO  +  6H0. 

Magnesia  alba  ia  slightly  Boluble  in  water,  especially  when  cold. 

PHOSfBATK  OFMAciBEsi*,  2MbO,HO,PO,+  HHO,  — This  saltsepaiami 

gmal!  oulorTeas  prismatic  cryatala  when  solutious  of  phosphate  of  soda  u 

[■  lalpbate  of  magnesia  are  mixed  and  suffered  to  stand  some  time.    AeoanlU 

( to  Professor  Graham,  it  is  aoluble  in  about  1000  porta  of  cold  water.    Ab 
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liate  of  magnesia  exists  in  the  grain  of  the  cereals,  and  can  be  detected  id 
msiderable  quantity  in  beer. 

Phosphate  of  magnesia  and  ammonia,  2MgO,NH40,P05  4-  12H0. — When 
soluble  phosphate  is  mixed  with  a  salt  of  magnesia,  and  ammonia  or  its  car- 
onate  added,  a  crystalline  precipitate,  having  the  above  composition,  sub- 
des  immediately  if  the  solutions  are  concentrated,  and  after  some  time  if 
sry  dilute:  in  the  latter  case,  the  precipitation  is  promoted  by  stirring.  This 
dt  is  slightly  soluble  in  pure  water,  but  scarcely  so  in  saline  and  ammoniacal 
quids.  When  heated,  it  is  resolved  into  bi basic  phosphate  (pyrophosphate) 
r  magnesia,  containing  35-71  per  cent,  of  magnesia.     At  a  strong  red-heat 

fuses  to  a  white  enamel-like  mass.  The  phoi<phate  of  magnesia  and  am- 
lonia  sometimes  forms  an  urinary  calculus,  and  occurs  also  in  guano. 

In  practical  analysis,  magnesia  is  often  separated  from  solutions  by  bring- 
ig  it  into  this  state.  The  liquid,  free  from  alumina,  lime,  &c.,  is  mixed  with 
iiosphate  of  soda  and  excess  of  ammonia,  and  gently  heated  for  a  short  time. 
he  precipitate  is  collected  upon  a  filter  and  thoroughly  washed  with  water 
>ntaining  a  little  ammonia,  after  which  it  is  dried,  ignited  to  redness,  and 
eighed.     The  proportion  of  magnesia  is  then  easily  calculated. 

Silicates  of  magnesia. — The  following  natural  compounds  belong  to  this 
ass: — Steatite  or  aoap-atone,  MgO,Si03,  a  soft,  white,  or  pale-colored,  amor- 
hous  substance,  found  in  Cornwall  and  elsewhere ; — Meerschaumy  MgO,SiO| 
-  HO,  from  which  pipe-bowls  are  often  manufactured;  Chrysolite,  3MgO, 
10^  a  crystallized  mineral,  sometimes  employed  for  ornamental  purposes ;  a 
ortion  of  magnesia  is  commonly  replaced  by  protoxide  of  iron,  which  commu- 
icates  a  green  color; — Serpentine  is  a  combination  of  silicate  and  hydrate  of 
lagnesia;  Jade,  an  exceedingly  hard  stone,  brought  from  New  Zealand,  con- 
Mns  silicate  of  magnesia  combined  with  silicate  of  alumina;  its  green  color  is 
ae  to  sesquioxide  of  chromium ;  Augite  and  hornblende  are  essentially  double 
ilts  of  silicic  ftcid,  magnesia,  and  lime,  in  which  the  magnesia  is  more  or  less 
3p]aced  by  its  isomorphous  substitute,  protoxide  of  iron. 


The  salts  of  magnesia  are  strictly  isomorphous  with  those  of  the  protoxides 
i  zinc,  of  iron,  of  copner,  &c. ;  they  are  usuallj'  colorless,  and  are  easily 
ccognized  by  the  following  characters: — 

A  gelatinous  white  precipitate  with  caustic  alkalis,  including  ammonia, 

insoluble  in  excess,  but  soluble  in  solution  of  sal-ammoniac. 
A  white  precipitate  with  the  carbonates  of  potassa  and  soda,  but  non% 

with  carbonate  of  ammonia  in  the  cold. 
A  white  crystalline  precipitate  with  soluble  phosphates,  on  the  addition 
of  a  little  ammonia. 
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SECTION  III. 
METALS  OF  THE  EARTHS  PROPER 


I 

I 


Aldhina,  tlis  only  known  oiide  of  this  metal,  is  ■  sniistnnce  of  yei7  kt 
dnnt  occurrence  in  nature  in  ttio  xtate  of  tii1icB.1e,  af  in  felspar  and  il 
BiAtcd   initiemla.  nnd  in   the  mrinuB  raodificndons  of  cinj  tlience  d 
Alumirtum  whb  first  obtained  hy  Woliler  r  it  is  prepared  in  llio  ume  i 
fta  mnjraefium.  bat  Tilth  rather  more  difficulty :  n  plntinnm  or  iron  taba  dm 
at  one  eitremit;  ranj  be  employed.     Beaqnichloride  of  nlnminiuni  in  fintltl^ 
duned,  and  upon  thrtt  about  nn  equal  balk  of  potnseiam  looaely  wnppn 
plntinnm  fail.     The  toner  part  of  the  tube  ia  then  bonted  !0  na  to  sablini 
Chloride  and  bring  its  ynpora  in  contact  with  the  melted  potasBio: 
doction  tnkoa  plnce  with  greal  disenRnRBment  of  heat.     The  mela  ,     . 
b;  cold  wntor  from  the  alkaline  chloride,  h.is  n  tin-white  color  nnd  prrf 
lustre.     It  18  obtained  in  Gmnll  fused  globules  by  the  heat  attained  I 
reduction,  which  are  mn1leah1e,  and  have  a.  specific  t;myity  of  2'6. 
tented  in  the  air  or  in  oxygen  it  takes  fire  and  hums  with  bri]lian<7,  f 
ducing  alnmina.' 

Alnmiiiium  has  for  its  orjuiTalent  (he  number  137  ;  ilfl  symbol  is  Al 
Alukiva,  AlgO,. — This  substnoce  is  inferred  to  he  a  sesquioxide,  iVonfl 
Isomorphism  with  the  red  oxide  of  iron.      It  is  prepared  hy  mixing  H.'  ' 
of  alum  with  excess  of  ammonln,  by  which  an  extremely  bnllty,  whits,  0 
tlnoua  precipil«te  of  hydrate  of  alumina  ia  thrown  down.     This  Is  w     ' 
.  dried,  and  ignited  to  whiteness.      Thus  obtained,  alumina  constiti 
tnatelesB,  coherent  mass,  very  little  acted  upon  by  acids.     The  hy(tr«te,H 
the  contrary,  when  simply  dried  in  the  Air,  or  by  gentle  heat,  dissolTee  fttn 
in  dilute  acid,  and  in  caoatic  potassa  or  soda,  from  which  it  la  preflipiltlrfW 
the  addition  of  Kal-ammonine.     Alumina  is  fusible  bclhre  the  Dxyhydnjy 
blowpipe.     The  mineral  called  ammdum,  of  which  the  niby  and  sapphire  ■ 
transparent  varietieg,  consists  of  nearly  pure  alumina  in  a  orystalliied  Mh 
with  a  little  coloring  oxide ;  emery,  used  for  polishing  glaas  and  netalt,  H 
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•Sarse  Tarietj'  of  aoniiiduni.  Alumina,  ia  a  ver;  feeble  base,  nnd  its  salta  hsTS 
sften  aa  Haid  renation. 

SuBQUiCilLDIilBK  01  Ar,nmNins[,  A1,C1,. — Tho  solution  of  alnmina  in  hyciro- 
chloria  acid  bobnvea,  wbeii  evnponilEd  Id  dryness,  like  tbut  of  iiiHgnaBia,  tba 
chloride  being  decomposed  hy  the  water,  and  alumina  and  hydroflhiorio  aoid 

Erodooed.  Tbe  chloride  maj  bo  tbua  prepnred;— Pure  prcoipitiitBd  alumina 
I  dried  and  mixed  with  lampblacb,  and  the  mixture  aCrongly  cnlcined  in  a 
OQTered  crucible.  It  ia  then  trnnaferced  to  a,  porcelain  tabe  Gied  norosa  a 
famace,  and  heated  to  redness  in  a  Etream  of  chlorine  gas,  when  the  alumina, 
jjelding  to  Ihe  attraction  of  the  chlorine  on  the  one  hniid  nnd  the  carbon  nn 
tbs  otber,  for  ejich  o(  its  eanstituentg,  suffera  deconipo^^itinn,  carbonic  oiide 
being  disengaged,  and  sesquiehloride  of  aluminiam  formed;  the  latter  buIi- 
limes,  and  condenses  in  the  oool  part  of  the  tube. 

Seaquicbloride  of  ulnmininm  is  a  crjalailine  yellowish  substnnce,  exeossiTely 
greedy  of  moisture,  and  very  eoluble.     Once  dissolTed,  it  cannot  be  ngnja 


_  I,. — The  vapor  of  bisnlphide  of  carbon  18  psoBed 
ever  alumina  at  a  bright-red  bent;  a  ginssj  melted  masa  remaina,  which  ii 
Instantly  dBcomposed  by  water  with  evolution  of  sulpburetteil  bydrogeiu 

Sulphate  or  alumina.  AlgD^SSO^-f- ISIIO.— Prepared  by  saturating  dilate 
nlphurio  aoid  with  hydrate  of  alumina,  and  evaporating ;  or.  on  a  large  soale, 
by  beiiting  clay  with  sulphuric  aoid.  It  crystalliies  in  (bin  pearly  plates, 
loluble  in  2  parts  of  water ;  it  has  a  sweet  and  astringent  taste,  and  an  acid 
feootion.  Heated  to  redness,  it  is  deconipused,  leaving  pure  alumina.  Two 
other  aulpbutes  of  alumina,  with  excess  of  base,  are  also  described,  one  of 
irllich  ia  inaolnble  in  water. 

Sulphate  of  alumina  combines  with  the  sulphates  of  potassa,  soda,  and  am- 
notiift,  forming  double  suits  of  great  interest,  the  aluni.  Common  aimn,  tba 
MarcG  of  all  the  preparations  of  alumina,  containa  AI,0,.3S0a  -|-  KO.SO,  -|-  2* 
30.  It  ia  manufaclnred,  on  a  very  large  scale,  from  a  kind  of  alatj  clay, 
loaded  with  bisulphide  of  iron,  which  abounds  in  certain  localities.  Thia  ia 
gently  ronsled.  and  then  exposed  lu  the  air  in  a  moistened  state;  oxygen  ia 
absorbed,  the  sulphur  becomes  acidified,  aulphale  of  protoxide  of  iron  and  snl- 
phale  of  alumina  are  produced,  and  afterwards  separated  by  lixjviatian  with 
irUBT.  The  solution  is  next  coocentraled,  and  mixed  with  a  quantity  of 
eblMid?  of  potassium,  which  decomposes  tbe  iron-salt,  forming  protoehloride 
at  iroD  and  sulphate  of  potaeaa,  which  latter  combines,  with  the  gnlphate  of 
aluniDn,  to  form  alum.  By  cryatallixation  the  alum  ifl  separated  from  the 
highly-soluble  chloride  of  iron,  and  afterwards  easily  purified  by  a  repetition 
of  that  process.  Other  methods  of  alum-making  exist,  and  are  sometimes 
■mployed.  PotasBa-Blum  orystallizea  in  colorlesa,  transparent  ootahedra, 
Miiah  often  exhibit  the  faces  of  the  cube.  It  has  a  sweeti<ih  and  astringent 
.iHte,  reiidens  litmus-paper,  and  dissolves  in  18  patia  of  water  at  60°  (IS-S'C,) 
,Ud  in  its  own  weight  of  bailing  water.  Exposed  to  heat,  it  is  easily  ren- 
dered anhydrous,  and,  by  a  very  high  temperature,  deoompoaed.  Tbe  crys- 
.t^  have  little  tendency  to  change  in  the  air.  Alam  ia  largely  used  in  the 
•rts,  In  preparing  skins,  dyeing,  &c. ;  it  is  occasionally  contaminated  with 
oxide  of  iron,  which  interferes  with  some  of  its  applications.  The  celebrated 
Jtaimin  alum,  made  from  alum-atone,  a  felspatbic  rock,  altered  by  sulphnrons 
np«TB,  waa  once  much  prized  on  account  of  its  freedom  from  this  impurity. 

A  mixture  of  dried  alum  and  sugar,  carbonized  in  an  open  pan,  and  then 
fac«t*d  in  redness,  out  of  oiintact  of  air,  furnishes  the  pyrophorut  of  Bombtrg, 
which  ignites  spontaneously  on  eipoaure  to  the  atmosphere.  The  essential 
lUfredient  is.  in  all  probability,  finely-divided  sulphide  of  potassium. 

Scda-alam,  in  which  sulphate  of  soda  replaces  sulphate  of  potassa,  has  a 
form  and  constitution  similar  to  that  of  the  salt  described:  it  is,  however, 
Bnob  more  aolubJe,  and  difficult  to  cryatolliie. 


MS  AI.CHIX1CM. 

Ammtmia-abim,  eaattiamg  Kajn.SO^  iiutead  nf  KO.SO^  T*I7  cloidj 
•pniblca  common  poUna-ntam.  hating  tlie  smne  figure.  iigjpitaniuGC,  and  m 
ftttntioa.   and  neitrly  th«  ums  degree  nf  B«lubi1i1f  ae  thai  Fubstanoe.     ** 
•onieliinM  mannfaeiared  for  comrocrcial  a>«.     Hhoti  healed  to  redo 
jields  pare  alamina. 

Few  of  Ihe  other  raits  of  alumin*,  except  the  sitiente!',  preiwat  pra 
intFTBEt:  thr^e  latter  are  oftn^at  im  porta  nee.     Silicate!'  of  alumina  anti 
lite  cumposition  of  a  milnber  of  cr7stalliied  minerals,  Mnong  wbieh  tebm 
MCDpiea.  bj  reason  of  its  sbondant  occnrrrnce.  n  promineot  place.     GtmH 
pnrphji7.  Irachjte,  and  other  ancient  onstratiHcd  rnck^  eonfisl  In  pratf 
of  this  mincml,  which,  under  peculiar  circnnistanceE,  bj  no  meana  wdt 
deralond,  nod  particnlarly  bj  Ihe  union  of  the  cai  booio  acid  of  tho  air,  ml 
oomplete  ilecampofilion,  becoming  coBTcrted  into  a  soft.  IVinble 
matter.     This  i?  Ihe  origin  of  clay:  the  change  itself  is  seen  ii   _ 
lion  in  certain  district!  of  PcTonehire  and  Cornwall,  lbs  felspar  of  the 
white  granite  of  those  loenlides  being  often  disintegrated  to  an  ezlraordinl 
depth,  and  the  rock  altered  to  a  Eubstnnce  rosembliiij;  eoft  mortar-     Bj  w 
a\f,  this  Bnely-divided  matter  is  separated  from  the  qnnrli  and  mien,  and  I 
milk-like  liquid,  being  collected  in  tanks  and  suffered  to  stand.  deponU  I 
KDBpended  ehj,  ■bich  is  aftenrnrds  dried,  frst  in  Ihe  air  and  sflerwardall 
iIOTC.  and  employed  in  the  mannfaclure  of  porcelain.      The  compositlwJ 
aigned  to  nnaltered  fel^-par  is  Ayi^SSiO,  +  EO.SiOy  or  alum,  haying  tlU 
scid  in  the  place  of  sulphuric.     The  exact  nature  of  Ihe  change  b;  wUol 
pasaes  into  porcelain  cln;  is  unknown,  although  it  evidently  coDEiEls  ia 
fth.^traction  of  silica  nnd  alkali. 
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The  different  Turieties  of  shale  and  sinte  result  from  the  i11cnli« 
of  ancient  otaj-bede.  apparently  in  many  instances  by  the  inHltrBtioD  of  *•!<' 
holding  ailica  in  solnlion:  the  dark  appeamnce  of  Some  of  these  depooliit 
due  to  bituminous  mutter. 

It  is  a  common  mistake  to  confound  ciny  with  alnmina ;  all  clayg  are  em 
tially  silicntes  of  that  bnse;  they  often  vary  a,  good  deal  in  Gompoaitfl 
Dilate  acids  eiert  little  action  on  these  componndaj  but  by  boiling  wiUi' 
of  vitriol,  alumina  ia  diasoWcd  out,  nnd  finely-dirided  silica  left  taeUl 
Claya  containing  nn  admixture  of  carbonate  of  hme  are  termed  marji,  apdl 
recognized  by  efforrescing  with  acida. 

A  basic  siliente  of  alumina,  SAljO^SitV  '^  found  crystaliiied,  cons 
ihe  beantlful  mineral  called  cjfanili.  The  compounds  formed  by  the  nnlttt 
the  sllioates  of  alnmina  with  other  silicHleS  are  almost  innumerable ;  a  M 
fclimBr,  albite,  containing  that  alkali  in  place  of  potassa,  is  known,  and  fh 
arc  two  Bomewbat  simitar  lithia-campounds.  tpodimtBt  and  prtatiti.  I 
tiolilf  belong  to  this  clnss;  analcimt,  niphilint,  mnotype,  &o.,  are  d«rf 
silicntes  of  soda  and  alumina,  with  water  of  crystallization.  StilbiU,  hitibM 
lavmanile,  prthnite,  So.,  consist  of  silicftle  of  lime,  combined  with  riliwW 

anhydrous.     Seaquioiide  of  iron  ia  Tery  often  substituted  for  alamina  in  ft"* 
minerals. 


Alnmina,  when  in  solution,  is  distingnished  witbant  difGcatly. 
CauBlic  polnssa  and  soda  occasion  while  gelatinous  precipitates  of  brto* 
\  of  alamina,  freely  sclnble  in  eicess  of  tiie  alkali. 

Ammonm  produces  a  similnr  preolpilale,  insoluble  in  eicesa  of  the  rSJip* 

The  alkaline  carbonates  nnd  carbonate  of  ammonia  precipitate  the  bydnt^ 

irltli  escape  of  carbonic  acid.     The  precipitates  are  insoluble  ' 
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BIBTLLIUM   (GLrCIKFM). 

TUs  metal  la  prepared  fh>m  the  chloride  id  the  same  manner  as  alnroininm, 
lUoh  it  Tery  mnoh  resembles  in  its  properties.     It  is  not  altered  when 

;  opoeed  to  the  air.  ETen  in  the  flame  of  the  blowpipe,  or  in  oxygen,  it  is  bat 
lli^tly  coated  with  a  thin  film  of  berylia.  Beryllium  is  malleable :  it  foses 
jl^A  temperature  lower  than  the  fusing  point  of  silver.     Its  sp.  gr.  is  2*1. 

' .,  The  equivalent  of  beryllinm  is  14*1,  and  the  symbol  Be. 
...UnTiLA,  Be^Og,  is  a  rare  earth  found  in  the  emerald,  beryl,  and  euelase, 

'.  )hiB  which  it  may  be  extracted  by  a  tolerably  simple  process.  It  very  much 
.jnembles  alomina,  but  is  distinguished  from  that  substance  by  its  solubility, 
ihaa  freshly  precipitated,  in  a  cold  solution  of  carbonate  of  ammonia,  from 

.  JiVoh  it  is  again  thrown  down  on  boiling.  The  salts  of  berylia  have  a  sweet 
■Ma^  whence  its  former  name  glucina  (yXwi;). 

YTTRIUM. 

fhe  metal  of  a  TCiy  rare  earth,  yttria,  contained  in  a  few  scarce  minerals. 
;  Ae  name  is  derived  from  Ttterby,  a  place  in  Sweden,  where  one  of  these, 
['JjMUmittt  Is  found.     It  is  obtained  from  the  chloride  by  the  process  already 

laeribed ;  it  resembles  in  character  the  preceding  metal. 
',  Ordinary  yttria  is  stated  by  Professor  Mosander  to  be  a  mixture  of  the 
I'iiidM  of  not  less  than  three  metals,  namely,  yttrium,  frbium,  and  terbium, 
/ilieh  differ  in  the  characters  of  their  salts,  and  in  other  particulars.     The 

lot  is  a  very  powerful  base,  the  two  others  are  weak  ones.     They  are  sepa- 
ls atod  with  extreme  difficulty. 

[   -  OIBIUM,    LANTHANIUM,   AND   DIDYMIUM. 

(     The  oxides  of  these  very  rare  metals  are  found  associated  in  the  Swedish 

[  ■ineral  €eriu ;  the  equivalent  of  cerium  is  47,  and  its  symbol  Ce.    This  metal 

\-  ftnu  a  protoxide  CeO,  and  a  sesquioxide  Ce|Oj. 

\  The  crude  sesquioxide  of  cerium  obtained  by  precipitating  the  double 
■Iphate  of  cerium  and  potasso,  directly  derived  from  cerite,  by  carbonate  of 

\  |0bMtea,  has  been  shown  by  Mosander  to  contain  in  addition  to  sesquioxide  of 

\  Mriam,  the  oxides  of  two  other  metals,  to  which  the  above  names  were  given. 

t  ilker  ignition  it  is  red-brown.  The  complete  separation  of  these  three  bodies 
h  ittended  with  the  greatest  difficulty,  and  has  indeed  been  only  partially 
MpoDplished.*  Oxide  of  cerium  may  be  obtained  pure  by  heating  the  mixture 
ff  the  three  oxides  first  with  diluted  and  afterwards  with  concentrated  nitric 
Mid,  which  gradually  removes  the  whole  of  the  oxides  of  lanthaiiium  and 
Adymiam. 

The  yellow  oxide  of  cerium,  obtained  by  igniting  the  nitrate,  is  a  mixture 
if  proto-  and  sesqui-oxide,  which  are  extremely  difficult  to  obtain  in  a  separate 
^1.  The  salts  of  the  former  are  colorless,  and  are  completely  precipitated 
tjnlphate  of  potassa;  the  sulphate  of  the  sesquioxide  is  yellow,  and  forms 
^betotiful  double  salt  with  sulphate  of  potassa,  which  is  decomposed  by  water. 
^  metal  cerium  has  been  obtained  from  the  chloride  by  the  action  of  sodium. 
Oxide  of  lanthanium,  as  pure  as  it  has  been  obtained,  forms  a  very  pale 
Mfanon-colored  powder,  unchanged  by  ignition  in  open  or  close  vessels.  In 
MDtaet  with  water  it  gives  a  snow-white  bulky  hydrate  which  has  an  alkaline 
Iteion,  and  decomposes  ammoniacal  salts  by  boiling.  Its  salts  are  crystal- 
■Hble,  colorless,  sweet,  and  astringent,  and  are  precipitated  by  sulphate  of 
Mna. 
A  tolerably-pure  lanthanium-salt  may  be  obtained  by  slowly  crystallizing 

'  ▲  nynoMk  of  thevuioiM  metboda  for  the  separation  of  cerium,  laTiih«nVaBi|«D^  <AAi!|«fin 
Wi \mmdwwm  tyMr.  B,  WmttB.    Cbem.  8oe.  Quar.  Jooni.,  IL 140. 
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_  .  loid  toIuHoo  containing  the  snlphala?  of  lanthnDiam  an.!  didjmion,  pi 
I  lug  out  the  roBe-coloTcd  cry^tnle  icoiilBinin;;  diilj'miutn).  nnd  the  violet  c 
'  (eoDtnining  lunihnnium  and  didymium),  mldrng  ilie  rolution  of  the  lattM 
the  Diother-liqaor.  and  Tcpenting  tbe  proerss.  Id  thia  tnnnner  the  who 
the  ilidj'iniuiii  ebU  uh;  be  finnll;  Eeparsled  b;  crjetntUuitioii,  litfi 
lanlhinium  is  prrpared  like  crrium. 

The  occasional  brown  color  of  crude  oxide  if  cerium  is  due  to  oiidl 
didj-niiam.  In  a  pure  state,  it  fonns  a  brown  ponder,  aolable  in  audi,^ 
gcnernting  a  series  of  red  crj-Btnlliiable  sbIip,  from  which  cauatio  pob 
precipitBtes  a  Tiolel-blue  hj'drate,  quickly  changing  bj  cipofnre  to  I'  "* 
It  communicates  lo  glaac  an  amelhjatine  color.     The  atomic  weight  o: 


Prepared  hy  henling  the  double  flnoride  of  lirconinm  and  potaBsion 
jtoTa^Eium,  and  Brparnlinfc  the  salt  with  cold  water.  The  nietal  is  blacl, 
scqaires  a  feeble  tuHlre  when  burnished.    It  lakes  lire  when  hented  in  iho  ^ 

TliB  equivalent  of  lirconium  is  33-6,  and  its  symbol  Zr. 

ZiBCONiA,  Ztfif,  is  a  rare  earth,  Tery  closely  resembling  alaniina,  (M 
together  wilh  silica,  in  the  mineral  zircon.     The  salts  are  colorless, 
an  astringent  taste. 

STBnbcrg  has  rendered  it  probable  Ihnt  an  undescrihed  meiallio  D*ide  « 
in  certain  varieties  of  zircon,  for  the  metal  of  which  be  proposes  (lit  ni 


The  metal  of  an  oBrth  from  a  very  rare  mineral,  rtoftW,"  it  agreeBiaol 
Mter  with  alaminium,  and  is  obtnined  by  gimilnr  DiertDs. 

The  eqaiialent  of  thorium  is  60  6,  and  its  symbol  Tb. 

Tboeia,  ThO,  is  remarkable  for  its  great  specliic  gravity,  and  is  other 
distinguished  by  peculiar  properties  which  separate  it  from  all  other  subaUU 

b  Xanu/aclnre  of  Olau,  PoTcttain,  and  EartheiiKart. 

Glass.  —  Glass  is  a  mixture  of  Tarions  insoluble  silicatea,  with  ents 
silica,  altogether  destitute  of  crystalline  structure :  tbe  simple  silicates,  fbr 
by  Aising  the  bnses  with  siHcio  acid  in  equivalent  proportions,  lery  V 
oryatalliio,  which  happens  also  with  the  greater  number  of  the  nit 
eilioates  included  among  the  enrlhy  minerals.  Compounds  identical  *| 
some  of  these  are  also  occasionally  formed  in  artificial  processes,  where  Iw 
maueB   of  melted  glassy  matter  m         -      ■  ...        _....■ 

I.  ^catea,  when  In  a  state  of  fusioi 

I    quantity  of  sitic 


Two  principal  Tnrieties 
eom posed  of  silica,  alkali, 
of  silicate  of  lead ;  trotcn 
gtaa,  and  the  mnteriiil 


of  gli 


and  glass  containing  a  large  propoMll 
id  plait  glaii  belong  to  the  former  diTisii" 
■"'  ■  ■  ■   '■  the  latter.     The  lead  p 


fasibilily,  and  confers  also  density  and  lustra.     Common  green  boltle-|ll 
'  IS  no  lead,  but  mnoli  silicate  of  black  onide  of  iron,  dcrtTad  from  I 
mnterials      The  principle  of  the  glass  manufacture  is  rery  Hmi 
.   n  the  shape  of  sand,  is  liealed  wilh  carbonate  of  potassa  or  sods, ' 
jtiacked  lime  or  oxide  of  lead  ;  at  a  high  temperature,  fusion  and  combiul 
bonic  acid  ia  expelled.     Olnuber's  salt  mixed  wilh  ehsiW 
iitituted  for  soda.     When  the  melted  mass  has  bee 
r  and  free  from  air-biibblea,  il  is  left  to  cool  uutil  it  assnmH  '^ 
iCaciouB  condition  proper  fur  working. 
r  "^ht  operation  of  fusion  is  oonducted  in  large  crucibles  of  cefraalory '■' 
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tlftj,  vhicli  in  fba  case  of  lend-glnss  are  covered  by  &  dome  at  the  top,  sad 
bftTB  da  opening  at  iUb  aide  by  which  the  mHtoHnla  nre  introduoecl,  and  the 
inelled  glass  witliilrawn.  Great  care  ia  exercised  in  the  choice  of  the  sand, 
whicb  must  be  quite  white  and  free  from  oxide  of  iron.  Red-lead,  one  of  tht 
bigher  oxides,  is  preferred  to  litharge,  stthough  immediatelj  reduced  to  prot- 
oxide bj  the  lieat,  the  liberated  oxygen  serving  to  destroy  any  combuBtibla 
matter  which  might  accidentally  find  its  way  Into  the  bruoible,  and  slain  the 
glass  by  reducing  a  portion  of  tbo  lead.  Potassa  gives  a  better  glass  than 
Boda,  lUthongh  Iha  latter  is  very  generally  employed,  from  its  lower  price.  A 
'n  proportion  of  broiten  and  waste  glass  of  the  same  kind  in  always  added 


0  the 


Articles  of  blown  g1aas  are  thus  made ; — The  workman  begins  by  collecting 
■  proper  qnnntity  of  soft,  pasty  glass  at  the  end  of  his  hloKjiipt,  an  iron  tube, 
fire  or  six  feet  in  length,  terminated  by  a  mouthpiece  of  wood;  he  Ilien 
DOnitaenceB  blowing,  by  wliiuh  the  lamp  is  expanded  into  a  kind  of  flask, 
■OBoeptiljIe  of  haviog  its  forin  modilied  by  the  position  in  which  it  is  held,  and 
Oie  TCiDclty  of  rotation  continually  given  to  the  iron  tube.  If  an  open-mouthed 
TBBsel  is  to  be  made,  an  iron  rod,  called  a  ponlil  orpuntii  is  dipped  into  the 
glass  pot  and  applied  to  the  bottom  of  the  flask,  to  which  it  thus  serves  as  a 
handle,  the  blowpipe  being  removed  by  the  application  of  a  oold  iron  to  the 
DBuk.  The  vessel  is  then  re-heated  at  a  hole  left  for  tbe  purpose  in  the  wall 
of  tbo  famaee,  and  the  aperture  enlarged,  and  the  vessel  otherwise  altered  in 
flgare  by  the  aid  of  a  few  simple  tools,  nnlil  completed.  It  ia  then  detached, 
■ad  carried  to  the  annealing  oven,  where  it  undergoes  slow  and  grsdaal  cool- 
ing during  many  hours,  the  object  of  which  is  to  obviate  the  excessive  bri(tle> 
neES  always  exhibited  by  glass  which  has  been  quickly  cooled.  Tbe  lai^a 
oireular  labia  of  crown-glass  are  mode  by  a  very  curious  procoss  of  this  kind ; 
th«  globular  flask  at  first  produced,  transferred  from  the  blowpipe  to  the 
ponlil,  is  suddenly  made  to  assume  the  form  of  a  Sat  disc  by  the  centrifugal 
force  of  the  rapid  rotatory  movement  given  lo  the  rod.  Plate-glass  is  cast 
npon  a  Sat  metal  table,  and  after  very  careful  annealing,  ground  true  and 
polished  by  suitable  machinery.  Tubes  are  made  by  rapidly  dravring  out  a 
ItoHoiT  cylinder;  and  from  these  a  great  variety  of  useful  small  apparatus 
may  be  constructed  with  the  help  of  a  lamp,  and  blowpipe,  or  still  better,  the 
belloirs-table  of  the  barameter-maker.  Small  lubes  may  be  bent  in  the  flamo 
pT  a  spirit-lnmp  or  gas-jet,  and  cut  with  great  ease  by  a  file,  a  scratch  being 
made,  and  the  two  portions  pulled  or  broken  asunder  in  a  way  easily  learned 
bf  a  few  trinla. 
Bpecimens  of  tbe  two  chief  varieties  of  glass  gave  the  following  results  on 
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diffioallly-fusible 
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DlSerent  oolora  sre  oflea  oammimiciited  to  glass  bj  metollle  oxidM. 
foida  af  cobalt  Rites  deep  blue:  oxide  of  mBgnnnesc,  ameilijst;  sDboiide) 
(Opper.  Toby-red;  blank  oiidi  of  e«j>per,|creett;  llie  oiidea  of  iron,  do" 
•I  brown,  Ac.   Theee  are  either  added  to  the  melted  contents  of  Ibe  g\i 
Id  which  Uiej  difBolTe,  or  spplied  in  a  purlicular  manner  lo  the  nuTace  oft 
plate  or  other  object,  which  ■■  then  re-hested.  until  fosion   of  Ibe  col 
Inatter  a«curt ;  such  is  the  pmotice  of  enamelliDg  aoil  glasK-pninting. 
opaque  while  appearance  U  giren  b;  oxide  of  tin;  the  biibidgI  of  watch-M 
is  thns  prepared. 

When  silica  is  melted  with  twice  its  weight  of  carbonate  of  pntasMi  or  lo 
Mtd  the  product  treuled  with  water,  the  greater  part  diasolTes,  yieMlnfr  a  >i 
tioD  frum  which  acids  precipitate  gelatinona  silicH.  Tb>9  is  ifae  Mlutlt  j^l 
ttometimes  mentioned  b;  chemical  writers  i  its  solution  hn»  been  used  fbr  t 
dering  muslin  and  otber  fabrics  of  cotton  or  linen  leF«  combustible,  indlRl 
for  protecting  rreaco-pnin tings  from  the  effects  of  atmospberio  moislnre,   ' 

PoBCELAIN  AMD  EABTKKNWAUE. — The  plneticitj  of  natural  olnya,  and  t) 
hftrdening  when  eipoeed  Co  heat,  are  properties  which  suggested  in  fcrf  (• 
time«  their  application  to  the  making  of  tesGols  for  the  various  parmnti' 
dailj  life;  there  are  few  branches  of  indnstry  of  higher  antiqailf  Ona  t 
exercised  by  the  potter. 

True  porcelain  is  distinguished  from  earthenware  hj  very  obvious  clMf 
tors.  In  porcelain  the  iody  of  the  ware  is  Ter;  compact  and  tranaloeen^  I 
breaks  with  a  oonchoidal  fracture,  symptomatic  of  a  commenoenient  of  Fold 
The  glaxe,  loo,  applied  for  giving  a  perfectly-smooth  sarfnce.  is  olOBelyadl 
rent,  and  in  fuct  graduatea  by  inaenaible  degrees  into  the  snbstanoe  ufi 
body.  In  earthenware,  on  ttie  contrary,  the  frnctnre  is  open  and  earth;,  1 
tbo  glaxe  detnohable  nith  greater  or  less  facility.  The  compact  nnd  p«l 
glassy  character  of  porcelain  is  the  result  of  the  admiiture  with  the  olljf 
■mall  portion  of  some  substance,  fusible  at  the  temperatnro  to  which  tiisin 
U  eiposad  when  baked  or  fired,  and  which,  absorbed  by  the  mi 

iierUun,  binds  the  nholo  Into  a  solid  mass  un  coolingj  such  sabsMncM^ 
aund  in  felspar,  and  in  a  smalt  admixture  of  silicate  of  lime,  or  alkali.  1 
elay  employed  in  porcelain-making  is  always  directly  derived  from  dMOupiJ 
felspar,  none  of  the  clays  of  the  secondary  strata  being  pure  enough  tot  1 
purpose;  it  must  be  white,  and  free  from  oxide  of  iron.  To  diminish  the  el 
traction  which  this  substance  undergoes  in  the  fire,  a  quantity  of  finely-dliln 
■ilica,  carefully  prepared  by  crushing  and  grinding  calcined  flints  oreberfc 
kdded,  together  with  a  proper  proportion  of  felspar  or  other  fnaible  raalBJ 
ftlso  reduced  to  impalpable  powder.  The  utmost  pains  are  taken  lo  effeiillHi 
hot  uniformity  of  mixture,  and  to  avoid  the  introduction  of  pnrticlra  ef  ~" 
or  other  foreign  bodies.  The  ware  itself  is  fashioned  either  on  the  pel 
wheel  —  a  kind  of  vertical  lathe  —  or  In  moulds  of  plaster  of  Paris,  and  diia 
first  in  the  air,  afterwards  by  artificial  heat,  and  at  length  completely  bir' 
med  by  exposure  to  the  temperature  of  ignition.  The  porous  iumi'  i>  i'' 
&t  to  receive  its  glaie.  which  may  be  either  ground  felspar,  or  a  mi i lore  ' 
gypsum,  silica,  and  a  little  porcelain  clay,  diffused  throngb  water.  The  pie) 
li  dipped  for  a  moment  into  tiiis  mixture,  nnd  withdrawn :  the  water  wol 
Into  its  substance,  and  the  powder  remains  evenly  spread  upon  its  inrbWI 
it  is  once  more  dried,  and,  lastly,  fired  at  an  exceedingly  high  lenipeiatint|' 
The  porcelain -furnace  is  a  circular  structure  of  masonry,  having  w""^ 
'  places,  and  surmounted  by  a  lofty  dome.  Dry  wood  or  coal  is  o«noii< 
uel,  and  its  flame  direcleil  into  the  interior,  and  made  to  circulate  »r*i 
.  among  the  earthen  eases,  or  tiggan,  in  which  the  articles  to  bo  Biwt  "• 
llted.  Many  hours  are  required  for  this  opernlion,  which  mu^t  b«*^ 
lly  managerl.  After  the  lapse  of  scTeral  days,  when  th-  .-  . 
'tely  cooled,  the  eoBtents  tn  removed  in  %  Stiished  *t«le,  m  &> " 
a  thaw 
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Ae  ornamental  part,  consisting  of  gi'.-ling  ir.d  pa: r. tin?  !n  enamel,  has  jet 
:  li  be  ezeeated*  after  which  the  p:ece<  »re  ii^%-.v.  heat -x.  in  vrJer  to  flux  the 
;  fllon.  This  operation  has  someti:cr«  to  be  re -e-ttv^i  lare  thin  onee. 
;  The  manufacture  of  porcelain  in  Eurcie  :?  of  m>>iom  origin:  the  Chinese 
»  km  possessed  the  art  from  the  comniei.eecient  of  the  seventh  centni7,  an«l 
I  in  ware  is,  in  some  respects,  a*. !• -gather  nneunir.e<J.  The  materials  em* 
i  ikfsd  by  them  are  known  to  be  kaolin,  or  dc:o:r.po«e-.l  fei^par:  ptiuntu,  or 
fHrti  reduced  to  fine  powder;  and  the  ashes  of  fern,  which  contain  carbonate 
I  Ifpotusa. 

Btoxiwabb.  —  This  is  a  coarse  kind  of  porcelain,  made  from  clsr.  contain- 
i  If  oxide  of  iron  and  a  little  lime,  to  which  it  owes  its  partial  fusibility.  The 
I  l^ing  is  performed  by  throwing  common  salt  into  the  heated  fnmace :  this 
j  HTolatiliied,  and  decomposed  by  the  joint  agency  of  the  silica  of  the  ware, 
Md  of  the  Tapor  of  water  always  present ;  hydrochloric  acid  and  soda  are  pro- 
dieed,  the  latter  forming  a  silicate,  which  fuses  over  the  surface  of  the  ware, 
=   Md  giTcs  a  thin,  but  excellent  glaxe. 

'     Saethbawabi.  —  The  finest  kind  of  earthenware  is  made  from  a  white 

i   Mondary  clay,  mixed  with  a  considerable  quantity  of  silica.     The  articles 

i   m  thoroughly  dried  and  fired,  after  which  they  are  dipped  into  a  readily- 

fluiUe  glaze  mixture,  of  which  oxide  of  lead  is  usually  an  important  ingre- 

fint,  and,  when  dry,  reheated  to  the  point  of  fusion  of  the  latter.   The  whole 

;  Mess  is  much  easier  of  execution  than  the  making  of  porcelain,  and  demands 

m  ctre.    The  ornamental  designs  in  blue  and  other  colors,  so  common  upon 

iktts  and  household  articles,  are  printed  upon  paper  in  enamel  pigment, 

,  ais^  inth  oil,  and  transferred,  while  still  wet,  to  the  unglazed  ware.    When 

tt»  ink  beoomes  dry,  the  paper  is  washed  off,  and  the  glazing  completed. 

The  eoarser  kinds  of  earthenware  are  sometimes  coTcr^  with  a  whitish 

V  Mne  glaze,  which  contains  the  oxides  of  lead  and  tin ;  such  glaze  is  Tery 

[   able  to  be  attacked  by  acids,  and  is  dangerous  for  culinary  vessels. 

Cnsibles,  when  of  good  quality,  are  very  valuable  to  the  practical  chemist. 
Bflj  sre  made  of  clay  free  from  lime,  mixed  with  sand  or  ground  ware  of  the 
MBS  description.  The  Hessian  and  Cornish  crucibles  are  among  the  best 
iMMtimes  a  mixture  of  plumbago  and  clay  is  employed  for  the  same  pur- 

C;  and  powdered  coke  has  been  also  used  with  the  earth :  such  oniciblee 
npid  changes  of  temperature  with  impunity. 
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MAKaAKiiii  Is  tolerably  nbundaat  in  nnture  in  mn  oiidiied  state,  formi) 
or  entering  into  the  compositioD  nf,  Bereral  intertating  minerals.  Traou 
this  sabslanee  are  xery  frequently  fonnd  in  the  ashes  of  plnnls. 

Melallio  inanganese,  or  perhaps,  Blriclly,  carbide  of  mnngnnese,  mt]', 
beat  prepared  by  (he  fallowing  proaess.  The  carbonste  is  Dalcined  in  ailo| 
lesael,  by  which  it  becomes  converted  into  a  dense  brown  powder;  tiSt 
intiniately  mixed  with  a  little  charcoal,  and  abont  one-tenth  of  its  weiriit 
Iknliydroua  borax.  A  charcoal  crucible  is  next  prepared  by  GIllnE  a  Htei 
or  CorDish  cruAble  with  moist  charcoal  powder,  introduced  a  little  at  a  Hi 
aud  rammed  na  hard  as  possible.  A  smooth  cavity  is  Iheu  scooped  la  I 
centre,  into  which  the  above-mentioned  miilnrc  ia  compressed,  and  cov* 
with  charcoal-powder.  The  lid  of  the  crucible  is  then  fixed,  nnd  the  nil 
arranged  in  a  very  powerful  wiDd-furnnce.  The  heat  is  slowly  raised 
the  crucible  becomes  red-hot,  after  which  it  is  urged  to  its  mniiniuni  (I 
lour  or  more.  When  cold,  the  crucihie  ia  broken  -a^  and  the  metallic  hi 
«f  manganese  extracted. 

DeviUe  has  lately  prepared  pnre  manganese  by  reducing  pure  oiide  of 
ganeae  by  means  of  an  insufficient  quantity  of  sugar  charcoal  in  a  en 
made  of  caustic  lime.  Thus  prepared  metallic  mangnnese  poseosses  a  m 
lustre  tike  bismalh ;  it  is  very  hard  and  brittle,  and,  when  powdered,  d< 

E loses  water,  even  at  the  lowest  temperature.  Dilute  Bnfphuric  acid  dlssu^, 
t  with  great  energy,  evolving  hydrogen.  Brunner  produced  mctallie  mll^ 
Dese  from  Quoride  of  mangnneso  and  aodium  hy  means  of  Kodium.  The  Bui 
obtained  by  this  process  scratches  glass  and  hardened  steel,  and  has  a^  J 
of  7-13. 

The  equivalent  of  manganese  in  27'G ;  its  symbol  is  Mn. 
OxiJa  ofifanganae.  — Seven  different  oxides  of  this  metal  are  deserilwt 
but  two  oat  of  the  number  are,  probably,  secondary  oomponnds. 


esquioxide  (red-oxide) 


Hn,0,=.MnO.Mi 


2^0b 


Pbotdxidb,  MnO. — When  carbonate  of  munganese 
L  ^drogeu  gas,  or  of  vapor  of  water,  the  carbonic  a 
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7een-co1ored  powder  left  beliind,  which  ia  the  protoxide.  Prepared  at  ■  dull 
sd-hsHt  on];,  the  protoxide  is  so  prone  to  absurb  oijgea  from  the  air,  that 
t  oatitiot  be  removeii  I'ram  the  tube  without  chikiige;  but  wlieu  made  at  a 
ligber  leuipevatiire.  it  nppennt  more  Htabl«.  This  oxide  is  a  verj  ponerfal 
laae,  buiiig  isoQiurphons  with  mngae-<ia  and  pratoxiile  of  lino ;  it  dissolves 
gniellj  \a  dilute  acids,  neutialisinif  them  oompletely  and  forming  salts,  which 
iBve  uftDD  a  beautiful  pink  color.  When  alkalies  are  added  to  BOlutionH  of 
Iheae  aDnipounds  the  white  hydrated  oxide  first  precipitated  speedil;  becomes 
Drown  b;  passing  into  a  higher  stale  of  oxidatiun. 

SKsacioxiuB,  MnjU, — I'taia  compound  occnra  in  nature  as  brannite,  and  in 
the  state  of  Ujdrole  as  manganite:  a  very  beautiful  crystallized  variety  is 
^noil  at  llefeld,  in  the  Hartz,  It  is  produced  artificially,  by  exposing  to  the 
ur  the  hydrated  protoxide,  and  forms  the  pi-incipal  purt  of  tbe  residue  left  in 
bbe  iron  retort  when  oxygen  gas  is  prepared  by  exposing  the  native  binoxide 
io  a  moderate  red-heat.  The  color  of  the  sesquioiide  is  brown  or  blaok, 
MuonUng  to  its  origin  or  mode  of  preparation.  It  is  a  feeble  base,  iaomoi^ 
phous  with  alumina;  for,  when  gently  heated  with  diluted  sulphnric  acid,  it 
dissolves  to  a  red  liqnid,  which,  on  the  addition  of  sulphate  of  potassa  or  of 
unroonia,  deposits  octahudra]  crystals  having  the  constitution  of  oommon  alum; 
tkese  ore,  however,  decomposed  by  water.  Strong  nitric  acid  resolves  Ihia 
Slide  into  a  mixture  uf  protoxide  and  bjnoxide,  the  former  dissolving,  and 
the  Utter  remainiog  nujiltered ;  while  hot  oil  of  vitriol  destroys  it  by  forming 
mlphale  of  the  protoxide,  and  liberating  oxygen  gas.  Heated  with  hydro- 
jdlloric  naid,  chlorine  is  evolved,  as  with  the  binoxide,  but  to  a  smaller  extent. 
.  BlaoxiDR,  MiiOp  pyrolusitc.  —  The  must  common  ore  of  manganese;  it  is 
roand  both  massive  and  crystallized.  It  may  be  obtained  artificially  in  the 
Kohydrons  statu  by  gently  calcining  the  nitrate,  or  in  combination  with  water, 
|)y  adding  solution  of  bleaching-punder  to  a  salt  of  the  protoxide.  Binoxide 
of  manganese  has  a  black  color,  is  insoluble  in  water,  and  refuses  to  unite 
with  BCiils.  It  is  decomposed  bj  hot  hydrochloric  acid  and  by  oil  of  vitriol  in 
tlu*  same  msinner  as  ibe  eesqui oxide. 

Am  this  subt^tauca  is  an  article  of  commerce  of  considerable  importance, 
being  used  in  very  large  quantity  for  making  chlorine,  and  as  it  ts  subject  to 
peal  alteration  of  value  from  an  admixture  of  the  sesqnioiide  and  several 
impurities,  it  bucomes  desirable  to  possess  means  of  assaying  dittbrant  samples 
th&t  may  be  preseoted,  with  a  view  of  testing  their  fitness  for  the  pm-posea 
'sf  the  manufacturer.  One  of  the  best  and  most  convenient  methods  is  the 
[allowing :  —  50  grains  of  the  mineral,  reduced  to  a  very  fine  powder,  are  put 
IntD  the  little  vessel  employed  in  the  analysis  of  carboaates,'  together  nilh 
dwut  half  an  ounce  of  Cold  wiLler,  and  100  grains  of  strong  bydroohlorio  aeid  ; 
H  grains  of  crystalliied  oxalic  acid  are  then  added,  the  cork  carrying  the 
gUnide  of  calcium  tube  is  fitted,  and  the  whole  quickly  weighed  or  countei^ 

Snsed.  The  application  of  a  gentle  heat  suffices  to  determine  the  action  ;  the 
iHtigiiged  chlorine  converts  the  oxalic  acid  tnio  oarbonic  acid,  with  the  help 
(I  the  elements  of  water,  two  equivalents  of  earbouio  acid  representing  one 
Ucblorine,  and  consequendy  one  of  binoxide  of  mangnt;ese.  Now,  the  ei^ai- 
nlcnt  of  the  latter  substance,  43-6,  is  so  nearly  equal  to  twice  that  of  unr- 
bonie  acid,  22,  that  the  loss  of  weight  suffered  by  the  apparatus  when  the 
"action  has  become  eompteta,  and  the  residual  gas  has  been  driven  off  by 
Jaomeotary  ebnilition,  may  he  taken  to  represent  the  quantity  of  real  binoxide 
Ui  the  GO  grains  of  the  sample.  It  is  obvious  that  the  little  apparatus  uf  Will 
*nd  Fresenins,  described  at  page  248,  may  be  used  with  advnniage. 

Bid  Oxidi,  Mn,U^,  or  probably  MnO  ■+■  Mn,0,.  —  This  oxide  is  nlso  found 
"fttive,  as  hausmannite,  and  Is  prodaced  artificially  by  heiiting  tn  whiteness 
"iv  binoxide  or  sesquioiido,  or  by  exposing  the  protoxide  or  carbonate  to  a 

'  Bh  psgo  217. 


^Sl 


.iince,  \eMfM*  ot 
r  an  Iht  tvo  lii^er 
e  disBolre  iliia  mb- 


,  ,M(unil  prrxJncHon,  diswmmJ 

;  uiBDgHneBe-ore  fVoin  Warnlct 

.  inaA  Traembles  tbe  biuoiide,  but 

.  nult^r.     B;  K  Btrong  heat,  VarficiU 

,<^'i!uji.'iit  of  aqneouB  TapoT  and  oxj^a 

.  ^Thi?  salt  may  be  prepnred  in  ft  etlh 
'jjii  ^<-E^i'lue  of  the  prcpBralion  of  DbtoriM 
,j  iivdrutlilorio  acid,  whiih  often  aecunialiiM* 
ik  I'ltent  ID  the  courEe  of  mTestignlian:  frm 
re  ntid  nil  other  Balls  can  be  coDvfnieal]]' 
Ki  carmii-ls  cbiefly  of  the  mixed  chloridee  of 
■ed,  B'aporated  to  perfect  dryness,  snd  ibeu 
a  BD  eurtbera  icaael,  vilh  conslant  slirrlnb 
er  Tolfttiliied  or  conyerted  by  the  remuldl 
while  the  mnnganese-Biilt  is  nnaffeoted. 
[       V,  >"  '  -o'*j  WoitinS  powder  thus  obittined  with  water,  the  cUm 

IS  substMi  >'<■''  \^eti  out,  and  may  be  scpttnvted  by  filiratlon  from 
l-?"^*  >^1^  Should  a  trace  of  the  ]«!?«  yel  retnain.  it  nay  U 
I**"  P^  ^'■. </!"'.,..  tiouid  for  a  few  minuted  wilh  a  lilUe  curbonata  of  nm 
■'■  r'iaU""  "•  obloride  has  ububHj  a  delicate  pink  color,  wbiek 
^  itimn  j^^'^'^ijfst  when  llie  sail  ia  eraporated  to  dryness.  AatroDgv 
!?"r?'  ^  j/.'^pisc-coloied  tabular  cryatala,  which  contain  <  equivalwa 
j.'V^  gri'  iLTj  soluble  and  deliquescent.     The  chloride  is  fHiiJble  ~ 
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M-  entering  in*      ^'Ji^^i 
I  'this  subetan' 


beBtprep      '^'y,,^--J^, 

wssei,  1    ;;r<,rf'f°„J 

r~i?        ^  ,/.'   p,!C-color 

ka^       ^''/rZ  'f  "-■'"^  soluble  and  deJiqueacent.     XSe  chloride  is  niiiblei 
C        'i''  '^jjri'o"'P»aed  slightly  at  that  temperature  by  ooiitact  of  aif^  ^ 
k        fl'nei'  <'>''''"'■  "'"^  fhich  it  forma  a  cry  bi  alii  lable  compound. 
i        ^^''^pni.uBiiiE.  MnjCI,. — Wben  precipitated  sasquioiide  of  mangaBi) 
^f^^^ld  dilute  hj-druchluria  acid,  it  dissoUes  quietly,  forming  a  rad  H 


j>*i«8qoichloriJe.      Heat  disengages  chlorine,  and 

Syppjloculoride. 

M-^S.-riL  or  PRnTi>Yit>G  n»  u.iin^NEns.  MnO.SO,  H 


7H0.- 


y|^fnri!d  and  verjr  soluble  salt,  isomorphi 
afepared  on  a  large  scale  for  the  use  of  the  dyer,  by  heating,  m  ao 
f  binoxide  of  mnngnneac  and  conl,  and  dissolving  (he  impure  proto: 
Ittaini-it  in  sulphuric  acid,  with  the  addition  of  a  Hltie  bydroobiorio  ■ 
^,—,—  I*  '''^  ^"'^  "^  *'"'  pL'ocess.  The  solution  is  eTaporawd  lo  ilryNCMtt 
— ^rtin  eipoBcd  lo  a  red-lieat,  by  which  the  aulphnte  of  i>ej<quiDxide  of  hi 
jfKiuiapoaed.  Water  tben  diBaulvos  out  tbe  pure  sulphate  of  manpA 
Itariiig  the  uesquioiide  of  iron  behind.  The  salt  is  urad  to  produee  a  pel 
pgal  biuwn  dye,  the  cloth  Bleeped  in  the  Bolulion  being  nr(er«ar<lt IMl 
llirough  a  solution  of  bleaching  powder,  by  which  tbe  pruloaide  is  flbl) 
laa  insulubte  hydrate  of  the  binniide.  Sulphate  of  meiignnese  sonietiiuMlt 
«  with  five  equivalents  of  wuler.  It  forma  a  double  salt  with  snlph) 
liiBsa. 

CaUbonatk  of  haHOahebS.  —  Prepared  by  precipitating  the  prOtOoMol 

■by  an  alknliue  oarbonats.     It  is  insoluble  and  buff-eolored,   or  toni  ' 

Dearly  white.     Expoaed  to  heal,  it  loEca  carbonio  iicid  and  abaorbs  oxjri 

Manoaniq  adju,  MiiO,,  — When  an  oxide  of  manganese  is  fuiod  « .^ 
ftlkali,  un  nddiiioual  quiiuiity  of  oiygen  is  taken  up  from  the  air,  and  %,i 
gn'en  Botlne  mass  reBults,  wliich  containa  a  salt  of  the  new  acid,  thus  ftl 
uuder  tbe  influence  of  ibe  bnse.  The  addition  of  nitre,  or  ohloraiei  ' 
fuaiiltates  tbe  prodantiou  of  manganic  said.     Water  diaBalves  this 
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d  the  solution,  concentrated  by  eTaporation  in  vacuo,  yields 


>,  MnjO^.  —  When  manganate  of  potassa,  free  from  any 

is  put  into  a  large  quantity  of  water,  it  is  resolved  into 

^langanese,  which  subsides,  and  a  deep-purple  liquid, 

of  potassa.    This  effect  is  accelerated  by  heat.    The 

>anying  tliis  decomposition  are  very  remarkable,  and 

J  substance  the  name  mineral  chameleon;  excess  of  alkali 

fc       -^  .easure,  the  reaction,  by  conferring  greater  stability  on  the 

1^  *'manganate  of  potassa  is  easily  prepared  on  a  considerable 

»  parts  of  very  finely-powdered  binoxide  of  manganese  and  chlo- 

.■>sa  are  mixed  with  rather  more  than  one  part  of  hydrate  of  potassa 

m  a  little  water,  and  the  whole  exposed,  after  evaporation  to  dry- 

j  a  temperature  just  short  of  ignition.     The  mass  is  treated  with  hot 

the  insoluble  oxide  separated  by  decantation,  and  the  deep-purple 

}oneeutrated  by  heat,  until  crystals  form  on  its  surface ;  it  is  then  left  to 

The  crystals  have  a  dark-purple  color,  and  are  not  very  soluble  in  cold 

The  manganatcs  and  permanganates  are  decomposed  by  contact,  with 

i  matter :   the  former  are  said  to  be  isomorphous  with  the  sulphates, 

)  latter  with  the  perchlorates. 


t  of  the  protoxide  of  manganese  are  very  easily  distinguished  by  re- 
fixed  caustic  alkalies,  and  ammonia,  give  white  precipitates,  insolable 
5SS,  quickly  becoming  brown. 

earbonates  of  the  fixed  alkalies,  and  carbonate  of  ammonia,  give  white 
tates,  but  little  subject  to  change,  and  insoluble  in  excess  of  carbonate 
nonia. 

haretted  hydrogen  gives  no  precipitate,   but  sulphide  of  ammonium 
down  insoluble,  flesh-colored  sulphide  of  manganese  which  Is  very 
teristic. 

ocyanide  of  potassium  gives  a  white  precipitate. 

ganese  is  also  easily  detected  by  the  blowpipe ;  it  gives  with  borax  an 
ratine  bead  in  the  outer  or  oxidizing  flame,  and  a  colorless  one  in  the 
lame.  Heated  upon  platinum  foil  with  carbonate  of  soda,  it  yields  a 
mass  of  manganate  of  soda. 

IRON. 

1  is  by  very  far  the  most  important  member  of  the  group  of  metals  under 
don :  there  are  few  substances  to  which  it  yields  in  interest,  when  it  is 
nred  how  very  intimately  the  knowledge  of  the  properties  and  uses  of 
eonnected  with  human  civilization. 

fellic  iron  is  of  exceedingly  rare  occurrence ;  it  has  been  found  at  Canaan, 
neoticut,^  forming  a  vein  about  two  inches  thick  in  mica-slate,  but  it 
ibly  enters  into  the  composition  of  those  extraordinary  stones  known  to 
Mn  the  air,  called  meteorites.  Isolated  masses  of  soft  malleable  iron  also, 
^  dimensions,  lie  loose  upon  the  surface  of  the  earth  in  South  America 
Mwhere,  and  are  presumed  to  have  had  a  similar  origin :  these  latter 
1,  in  common  with  the  iron  of  the  undoubted  meteorites,  nickel.  In  an 
id  condition,  the  presence  of  iron  may  be  said  to  be  universal :  it  con- 
s  a  great  part  of  the  common  coloring  matter  of  rocks  and  soils ;  it  is 
led  in  plants,  and  forms  an  essential  component  of  the  blood  of  the 
1  body.  In  the  state  of  bisulphide  it  is  also  very  common.  Pore  iron 
»  prepared,  according  to  Mitscherlich,  by  introducing  into  a  Hessia* 

>  Phillips*  MiDoiTftlogy,  4th  edit.  p.  208. 
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laoK, 

L^rneible  4  pAvta  of  Ene  iron  win  cat  HninU,  nnd  1  pni'l  of  b!.ick  oiidaor& 
■  This  is  coverall  with  a  miidii'i)  iif  white  shmiI.  Ihiiu.  auil  oiirbotiate  orpotU 
I  bt  iho  prnporlion  used  lor  ^utiK-niiiking.  niid  n  aovar  buing  closely  ftppli 
f  the  crucible  is  ci|)us«il  lii  il  very  iilgli  Jpgrev  of  lienl.  A  tiiittoii  of  para  m 
I  t*  tlina  oblaineil,  Urn  tmcea  uf  oarbou  mid  I'iliciuiu  preaetit  in  the  irire  hn 
Veen  removed  by  the  oijfgen  ot  tlie  oxide. 

Pure  iran  hns  n  white  color  and  peHVet  lustre:  it  ia  eitromel;  Mft  ■ 
lougb,  nnd  hu  b  apefiRo  gravity  of  T-B.    Tbe  crjstnlline  rorm  is  probkblyl 
BBbe,  to  jndge  from  iippenrnnces  now  and  then   eiUibiled.      In   good  b»-il 
or  wire  n  distinct  filirouB  ttiture  limy  nlwnys  be  obsei'ied  when  the  metell 
been  alluoked  by  nisling  or  by  the  application  of  an  ncid,  and  apon  titt  || 
FtctioD  or  this  fibre  ninob  of  its  Bli-eiiglb  nnd  viilne  depcTids.    Iron  ia  die 
ttuncious  of  itll  llie  metnls.  a.  wire  ^j  of  nn  inch  in  dinmeler  beanng  »  w 
of  60  lbs.     It  ia  lery  ditBcult  of  fusion,  and  bofare  beooining  liquid  p 
Ibroagh  a  Boft  or  psaty  coudllion.      Pieoea  of  iron  pressed  or  hammend.' 
I   sether  in  tbie  Htate  cohere  into  a  single  mass :  the  operation  is  lermed  wM 
'  il  upuully  performed  by  sprinkling  n  little  !<niid  over  tb?  b«M«d  Ot 
h  combines  with  the  BuperHcinl  film  of  oiicte.  Torming  a  fusible  tdtin 
irhioU  is  sabsequently  foroed  out  (rom  between   the  pieces   of  irOB  1^  I 
|>reEBure  applied ;  clejiu  aurfnces  of  metal  nre  thus  presented  to  easb  OUt 
BD<1  anion  takcfl  place  without  difficulty. 

Iron  does  not  oxidito  in  dry  air  nt  common  tempeinturee ;  heated  to  ndM 
It  becomes  covered  with  a  scniy  coating  of  black  oxiile,  and  ]il  a  high  wU 
bent  burns  brillianlly.  prodaclug  tbe  same  enbslaace.  In  oiygea  gu  I 
oomboatioD  occars  with  still  greater  case.  The  Hnelj' -divided  spongy  HiM 
prepared  by  reducing  llie  red  oxide  by  hydrogen  gas,  takes  fire  spontuuBn 
in  the  air.i  Pure  Wiiter,  free  from  air  and  cnrbai^io  acid,  does  not  toroU 
irarface  of  polished  iron,  but  the  combined  agency  of  t'lce  oiygen  and  moieti 
speedily  leads  to  the  produolion  of  ruet,  which  is  a  hydmte  of  the  eesqnmnl 
Tlie  rusting  of  iron  is  wondei-fully  promoted  by  the  presence  of  a  little  B 
Tlpor.'  At  n  red-heat  iron  decompo'es  water,  evolving  hydrogen,  aDdpafld 
into  the  bliick  oxide.  Dilute  sulpburic and hydrochlorio  acids  diasolfoitM 
with  separation  of  hydrogen.  Iron  is  strongly  magnetic  up  to  k  nd  k( 
irhen  it  loaea  all  traces  of  tbat  remarkable  property.  < 

The  equivalent  of  iron  is  29,  and  its  ayaibol  Fe. 
Four  Dompounde  of  iron  and  oxygen  are  described. 


Protoiido 

Sesquiuxide  (peroxide) 
Proto-seaquioiide  (black  o: 
Ferric  acid 


FeO 

FegO, 

FeaO,  =  FeO,  FeJi 

FeO,. 


Frdtoxidk,  FeO.  —  Tbis  ia  a  verj  powerful  base,  neatralisiag  Mdda  k 
pletely,  and  isomorphonB  with  magnesia,  oxide  of  zino,  &o.     It  is  abl 
unknown  in  a  separate  state,  from  its  extreme  proneneas  to  absorb  oxygWI 
paaa  into  the  sesquioxide.   When  n  salt  of  this  substance  is  mixed  with  e 
tlkali  or  ammonia,  a  bulky  vrbitish  precipitate  of  hydrate  of  Iha  pn>l 
falls,  which  becomes  nearly  black  when  bolted,  the  water  being  aepa 
This  hydrate  exposed  to  tlie  air,  very  rapidly  changes,  becoming  gceen  i 


•  [Wlien  otitilna 


B.] 


Bied&r^epBl  InvHlliral 


JKON.  879 

qltlmfttely  re.I-broirn.  Tbo  Boluble  nntts  of  protniids  of  iron  haTe  Bommonl; 
k  ilelionte  pal«-grecn  color.  Bd<1  b  nnuseous  m/(alUc  tnste. 

SiiSQiiro^iiDii,  Fe,O^^A  foetilD  tmse.  isomarpboua  with  nluminn.  8esqui- 
Dxide  of  iron  Dcuiint  nntive,  most  beaudfall;  crjslalliieil,  as  EpecuUr  iron  ore. 
In  the  UliLnd  of  ElbiL,  and  elsenhere :  nlsn  aa  reil  and  broirn  hiEmaUiei,  Oit 
intter  being  n  fayJrate,  It  i»  nrtificiallj  prepured  hy  precipitating  a,  Bolution 
of  Bulphiiile  of  the  seHqui oxide  or  the  BBsqiiichlnride  of  iron  b;  excess  of 
mCDraoniu,  and  wnshlng,  drying,  nnd  igniting  Che  y ellowisb-brawn  hydrate  tbui 
produiwd:  Gied  ilknti  must  nut  be  used  in  this  operation,  aa  a  portion  ia 
ntniced  by  the  oiide.  In  fine  powder,  this  oiide  baa  ■  fnll-red  color,  and  U 
naed  aa  a  pigment,  being  prcpnred  i'ur  the  pui'poee  by  c^iloinntlon  of  the  eal- 
phAle  of  the  protuiide ;  the  tint  variea  aomewhnt  with  the  leinperature  to 
.'Oiliab  il  baa  been  expo<^.  This  oxide  ia  unnltered  in  Ibe  fire,  nltbougb  eoaily 
reciuecd  at  n  hi;;b  (emperatnro  by  cnrbon  or  hydrogoD,  It  disaoivoa  in  acidd, 
with  ditScnlty  after  strong  ignition,  forming  a  serine  of  reddish  salta,  wliish 
liara  an  acid  reaction  nnd  nn  aati-ingent  taate,  Sesrjaioiide  of  iron  is  not 
aoted  npon  by  the  miigOEt.' 

Bcaokoxidr;  uaosrtio  oxide;  ln*ijSTDNK,  Fp,0,,  or  probably  FeO+FegO^ 
—A  natural  pradnot,  one  of  the  moat  vnlunble  of  the  iron  ore»,  oficu  found  in 
legalar  oetahedrai  crystiila,  which  nre  mafniHIic.  It  may  be  prepared  by 
miiiog  due  proportions  of  Knits  o(  the  protoxide  and  acsquioxide  of  ifan,  pre- 
•ipitating  tliem  by  eiaeaa  of  alkali,  aod  then  boiling  the  mixed  hydrates,  when 
tho]aUer  unite  to  n  black  snndy  suhstance.  conitii'ting  of  minute  orystnis  of 
the  loagnetic  oxide.  This  oxide  ia  Ibe  chief  product  of  the  oiidntion  of  iron 
at »  faigh  temperature  in  the  air  and  in  aqueous  Tupor.  It  ia  incapable  if 
fbrmiog  salts. 

.  f  KBKic  AoiR,  FeO,.  —  A  Tery  remarkable  compound  of  recent  discoyery. 
The  dmplest  moUo  of  preparing  it  is  to  lieat  to  fall  rednens,  for  an  hour,  in  » 
«4fered  cmeible,  a  miitnia  of  oob  part  of  pure  Beaqnioiide  of  iron,  and  four 
parts  of  dry  nitre.  The  brown,  purnna.  deliquescent  mass  ia  treated  wheit 
^tiSd  with  ice-cold  water,  by  which  a  deep  amethystine  red  aolution  of  ferrate 
of  potsssa  ia  obtained.  This  gradually  deconipoaea  even  in  tbo  cold.  evoWing 
^lygea  gas,  and  depositing  seaquioiidB;  by  heat  the  decoQipositloa  is  Tery 
rapid.  Tbe  solution  of  ferrate  of  patnsau  gives  do  precipitute  with  salts  of 
lime,  niagneaia,  or  strontin.  but  wlien  mixed  with  one  of  baryta,  a  deep 
Drimson,  insoluble  compound  fall?,  which  ia  a  ferrate  of  that  baae.  Bad  is  very 
|ierraanent. 

PEOTOCHi,0Eit)K  OF  iBnN,  FeCI. — Formed  by  tmnamitimg  dry  bydrochlorio 
■eid  gas  over  riid-hut  metallic  iron,  or  by  di>j:?(ilving  iron  in  hydrocbluric  ncid. 
The  latter  aolution  yields,  when  duly  ooncentmted.  green  crystals  of  prnto- 
ehlcride,  contairdng  i  equivalents  of  water;  they  are  very  soluble  and  deli- 
^neacent,  and  rapidly  oiidiie  in  the  air, 

SBBOtliciiLOKiDB  ot  IBOS,  Fe,Cl,.  —  tJsually  prepared  by  dissolving  seaqui- 
«<Me  in  bydrochlorio  acid.  The  aolutinn,  evaporated  to  a  syrnpy  consistence, 
ttaposits  red,  hydraCed  cryatala.  which  are  very  solnble  in  wjiter  and  alcohol. 
it  ftinns  donble  snlta  with  chloride  of  potassium  aud  sai-nmmODino.  When 
•Tiifnmted  to  dryness  and  strongly  healed,  much  ol  the  chloride  ia  deoompoBed. 
yielding  aeaquioiide  and  hydrochloric  acid;  the  remainder  sublimes,  and 
•ftsrirarda  oondenses  in  the  form  of  small  brilliant  red  crystals,  which 
deliquesce  rapidly.  The  aolution  of  sesquicbloride  of  iron  is  capable  of  dis- 
Mlviag  a  large  excess  of  recently-precipitated  hydrate  of  (he  sesquioiide,  by 
irhieh  it  scquirea  a  macli  darker  color.  Anhydroua  sesqal chloride  of  iron  ia 
•ba  produced  by  tbe  action  of  chlorine  upon  the  healed  metal. 

le  Titrm  of  hydrate.  FesOi+ailO,  aa  mnntlr  predpitBlml  ^cn  tire  persnlphxte  bj  HD- 


PaoTiaDnn  or  non.  P«I. — Thi*  ui  hi  important  ne-]ii?ina1  prepAMfioB 
la  cuil;  rasde  bj  digesting  ia<lin«  with  water  and  metallic  iron.  The  soIbI 
ia  pal«  green,  aod  jields.  on  eiaporstion.  crj-slsls  resembling  those  of ) 
cUoride,  which  npidlj  aiidiie  on  eiposare  to  air.  It  is  best  preaerrMt 
•olattna  in  contact  with  excess  of  iron.'  A  aeaqui-iodide  of  tro^  . -r..  .  i> 
b  jellowish-red  and  s olnhlo. 

SttLPHioaa  or  IROH. — Seieral  compnanda  of  iron  anj  sulphur 
•r  these  the  two  most  important  are  the  fonoKing.  Pnlomfykidt,  FeS,  f 
blackigh,  brittle  substance,  attrsTtpd  b;  the  magnet,  formed  bj  1im4 
lofcethfr  iron  and  salpbar.  It  is  difsolied  bj  dilnle  ncids  iritli  erolDtioii' 
•i^pharetted  hydrogen  gna,  and  ia  eonatonilj  employed  for  that  parpOMi  in 
laboratory,  being  made  b;  projeicting  into  a  red-hot  crucible  a  mizEura  o1 
parts  of  salpbur  and  i  parts  of  iron  filings  or  borings  of  cast-iron,  and 
olnding  the  air  as  mncb  as  po^ible.  The  same  substance  is  formed  irben 
bar  of  white-hot  iron  is  brought  in  contact  with  Bolphar.  The  biiu^liiit 
iron,  FeSj,  iron  pjrites,  is  h  natural  product,  occurrini;  in  rooks  of  all  a(, 
and  evidentt;  formed  in  many  cn^es  by  Ihe  grndaal  deoxidation  of  aulpul 
of  iron  by  organic  matter.  It  has  a  brass-jellow  color,  is  very  hard,  1 
•ttraoled  by  tbe  magnet,  and  not  acted  opon  by  dilate  ncids.  Exposed  to  bt 
mlphur  is  expelled,  and  an  iutermediate  sulphide,  analogons  probablj  let 
blaek  oxide,  \»  prodoced.  This  eubatanoe  alao  occurs  native,  under  tbenat 
of  magnetic pyrita.  The  bisulphide  is  sometimea  used  in  th«  manufiwtDrl' 
ntphario  acid. 

Compounds  of  iron  with  phosphorus,  carbon,  and  eilicium  i 
la  known  respecting  them  in  a  definite  stale.   The  carbide  is  eoi 
iron  and  in  steel,  to  which  it  CDmmunicntes  ready  fusibility ;  the  si 
oompoond  is  also  found  in  cast-iron.     Pbospbarns  is  a  very  hurtful  ti ' 
in  bar-iron,  na  it  renders  it  brittle  or  coM-*Aur(, 

SoLPHATa  or  paninxiDa  of  iron;  orbsn  vitriol,  FbO.SO,-|-7HO.- 
besotifal  and  important  salt  may  be  obtained  by  direotlj'  dissolving  iron' 
dilute  sulphuric  ncid ;  it  ia  gent^rally  prepared.  Iionover,  and  that  On  % 
large  scale,  b;  contact  of  air  and  moisture  with  common  iron  pyrite*,  n 
by  absorptioD  of  oiygeu,  readily  furniabes  the  anhalauce  in  question.    I 
of  this  malerial  are  exposed  to  the  air  until  the  decompoaition  is  snffioi 
•dvanoed;  the  salt  prodnced  is  then  diasolTod  out  by  water,  and  tbe  a^afi 
mads  to  crystatliie.     Tt  forma  large  green  crystals,  of  Ihe  compoailion  a 
stated,  which  slonly  etSoresoe  and  oiidiie  in  the  air ;  it  is  soluble  in  a 
twice  its  weight  of  cold  naler.     Crystals  contnining  4,  and  also  2  «qiu*t 
of  water,  have  been  obbiined.     Sulphate  nf  protoiida  of  iron  formB  ixd 
Balls  with  the  sulphates  of  potassa  and  ntnmonia,  ' 

Sdlphatb  ot  sKBiivioxiDB  Or  iBDs,  Fe,0,.3S0,. — Prepared  by  addin;t 
■olnUon  of  Ihe  protosalt  exactly  one-half  iia  much  snlphurio  ooid  as  It  ■h"' 
eODtaine,  raising  Ihe  liquid  to  the  boiling-point,  and  then  dropping  in 
*«id  nntil  the  solution  ceases  lo  blockeu  by  snch  addition.  The  r»d  H^ 
thus  oblnined  furnishes,  on  evaporation  to  dryness,  a  buff-colored  amolllb 
mass,  which,  when  put  into  water,  very  slowly  dissolves.  With  the  RB^U 
of  polnssa  and  nmmooia,  this  salt  yields  compounds,  hniing  the  fbnil  I 
■onstilution  of  alums;  Ihe  crystals  are  nearly  destltote  oCoolor.  These lar 
are  decomposed  by  wdler,  and  sometimea  by  long  keeping  when  in  a  dryW 
Thoy  are  beat  prepared  by  exposing  to  spontaneous  evaporation  a  solntioa 
sulphate  of  sesquioiide  of  iron,  to  which  sniphate  of  potoasa  or  of  am 
has  been  added. 

Nitrate  or  thk  PROToitiDE  of  ibos,  reO,NOj.  —When  dilute  cold 
acid  in  made  to  act  to  EAturatian  upon  pro! osulp tilde  of  iron,  and  th?  E( 


■imtporated  in  vacao,  pnle^greon  and  ver;  soluble  orystuls  of  protoDitrate  an 
obtained,  which  are  lery  itu^cot  to  alteration.  The  nilrale  of  the  sesquiuxide 
ia  reftdily  foi-ii.Bd  by  pouring  nitric  acid,  slightly  diluted,  upon  iron ;  it  is  ■ 
deap-red  liqaid,  apt  to  deposit  an  iusoluhle  baaic  salt,  and  is  aeed  in  dyeing. 

CjkKBQNATE  OF  PBOTDXiUE  OF  tBON,  FeO.CQg.  —  The  nhitB  precipitate  ob- 
tained hy  mixing  eoluttuns  of  prolosalt  of  iron  and  alkaline  carbonatf!:  it 
oannot  be  washed  and  dried  without  losing  cartionic  acid  and  nbeorbing 
•lygon.  This  suhstaiice  occurs  in  nntuve  ae  tpalhoie  iron  ore,  aHaocinCeJ  with 
THJiahle  quantities  of  carbonate  of  limo  and  of  magoeBiii;  and  also  in  the 
flommon  cliiy  iroii-iloiie,  from  which  nearly  all  the  British  iron  ia  made.  It  is 
often  fouud  iu  mineral  waters,  being  solubls  in  aicesa  of  carbonio  acid  ;  such 
waters  are  Itnnwn  by  the  rusty  matter  ttaey  deposit  by  expoanre  to  the  air. 
Ha  carbonate  of  the  sesquioside  is  known. 

The  pbosphates  of  iron  are  all  insoluble.' 

Salts  of  the  protoxide  of  iron  are  thus  distinguished;  — 

Caustic  alkalies,  and  ammonia,  give  nearly  white  precipilnteB,  insoluble  in 
•xoesa  of  the  reageol,  rapidly  baeomiiig  green,  and  ultimately  brown,  by  ai- 
poBore  to  air. 

Alkaline  carhnnales,  and  carbonate  of  ammoDio,  throw  down  the  white 
OBTbonate.  abo  very  subject  to  change. 

Salphuretled  hydrogen  gives  no  precipitate,  bat  sulphide  of  ammoniam 
ttaroHS  down  black  protosnlphide  of  iron,  soluble  in  dilute  acids. 

Ferrocyanide  of  potassium  gives  a  nearly-white  precipitate,  becoming  deep 
bine  on  etposure  to  air. 

Salts  of  the  seaqnioiide  are  thus  characterized :  — 

Canstjc  alkalies,  and  aminonia,  give  foxy-red  precipitates  of  hydrated  ses- 
qnioxide,  insoluble  in  excess. 

The  carbonates  behave  in  a  similar  manner,  the  carbonic  acid  escaping. 

Bnlphurrttod  hydrogen  gives  a  nearly-white  precipitate  of  sulphur,  and  ro- 
dnoes  the  sesquioiide  to  protoxide. 

Sulphide  of  ammonium  gives  a  blnck  precipitate,  slightly  soluble  in  eicesa. 

Ferrocyanide  of  potassium  yields  Prussian  blue. 

Tinoture  or  infusion  of  gall-nuts  strikes  intense  bluish-blaok  with  the  moat 
41lite  eolutions  of  salts  of  sesquioiide  of  iron. 

fro«  manu/acturt. — This  most  importantbranch  of  industry  consists,  as  now 
Bonduatsd,  of  two  distinct  parts ;  viz.,  the  production  from  the  ore  of  a  fusible 
oarbide  of  iron,  and  the  subsequent  decomposition  of  the  carbide,  and  its 

The  clay-iron  ore  is  found  in  association  with  coal,  forming  thin  beds  or 
Bodules:  it  consiata,  as  already  mentioned,  of  carbonate  of  iron  mixed  with 

and  exposed  to  heat  in  a  furnace  resembling  a  lime-kiln,  by  which  the  water 
and  oarbonia  acid  are  expelled,  and  the  ore  rendered  dark-oolored,  denser, 
and  also  magnetic;  it  is  then  ready  for  reduction.  The  furnace  iu  which  this 
gperatioo  is  performed  is  asually  of  very  large  dimensions,  fifty  feet  or  more 
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a,  cndaillT  tMonKnic  bluish  by  the 
unla  ugHtn  predpiutwi  It,  tad  Te^\sK 
fbawphm1«  oanLgjDj  parpbosphate. 


bricks :  the  Ggure  will  lie  at 
nndcratood    from    tbe    aeo 
drawing.   Tbe  Tuniace  is  cli 
tbe  bottom,  the  fire  being  rnnlR 
tnined   b^   n   poverfnl  Br^M 
blnst  introttuced  b;  tiro  or  1h 
tiiyfre-pipa,  as  Bhown  in  the  «e 
tion.     The   mBteriaU,  i 
of  due  prnporlioDB   or   ook*  i 
oarboniied  eoal,  ronsted  org,  u 
limeEtoDB,  are  coDatanllj'suppllf 
from  tbe  top,  tbe  operaHon  p:  ' 
aeeding   oontinuonal;  nigfal  ■ 
dn;,  ofleu  for  jears,  or  uotil  til 
funiBCe  is  judged  to  require  ri 
pitir.     In  Ibe  upper  part  of  It 
furnnee,   wbore  tbe  tempenlM 
IB  still  ver;  bigb,  and  where  ea " 
bnstible  gnses  abonod,  the  il 
of  the  ore  is  probablj  reduced 
tbe  melallic  state,  being  dlneM 
naled  tbrongb  tbe  earth;  miiW 
of  tbe  ore.     Aa  tbe  -wbelB  A  " 
down  and  allaina  a  still  bigb 
degree  of  heat,  tbe  inm  beoi 
oonteried  into  carbide  bj  tt 
taiion,  while  the  silica  and  ill 
mina  aniCe  nitb  tbe   lime,  pd 
poBel;  adited,  to  a  kind  of  gl 
or  ilag,  nearly  free   from  oi 
"  iroD.     Tbe  carbide  and  d 
both  in  a  melted  state,  reaoh 
Last  the  bottom  of  tbe  funiHoc,  -where  they  arrange  tbemselvea  in  the  Or 
of  their  densities:  the  slag  flows  out  at  certain  apertures  oontriiod  for  II 
purpose,  and  the  iron  is  discharged  from  time  Id  time,  and  suffered  to  i  ' 
into  rude  monlda  of  saiid  by  opening  an  orifice  at  the  bottom  of  the  reoipii 
previously  stopped  with  oiny.     Such  is  the  origin  of  crude  or  caBt-iron, 
whiab  there  are  several  varieties,  distinguished  by  differeuoes  of  color,  b» 
Dess,  and  composition,   and  known  by  the  names  ot  gray,  blaek,   and  B 
iron.     Tbe  first  is  for  most  purposes  tbe  best,  as  it  admits  of  being  filed  ■) 
out  with  perfect  ease.   The  black  and  gray  kinds  probably  contain  a  in 
cat  admixture  of  graphite,  which  separates  during  solidification. 

A  great  improvement  hae  been  made  In  the  above- described  prw 
Bnbstituting  raw  coal  fur  coke,  and  blowing  hot  air,  instead  of  cold,  into  ) 
furnace.    This  ia  effected  by  causing  the  air,  on  leaving  the  blowing-maobii 
to  circulate  through  n  syatom  of  red-hot  iron  pipes,  antil  ite  temperatb 
beccimes  high  enough  to  melt  lead.     This  alteration  has  Uready  effected 
prodigious  saving  in  fuel,  without,  it  appears,  any  injury  lu  the  quality 
the  product. 
I         The  conversion  of  cast  into  bar  iron  is  effected   by   an  operation  C 
•    puddling :  previous  to  which,  however,  it  commonly  undergoes  n  prooeM.  1 
theory  of  which  is  not  perfectly  intelligible.     It  is  remelled,  and  soddei 
eoolcd.  by  which  it  beoomos  white,  crystalline,  and  esceedingly  hard  j 
■late  it  is  called  Jine  milai     The  puddling  process  is  conducted  in 

'berator;  furnace,  into  which  tbe  cbargs  of  Gne-metal  is  introduced  bj 
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tide  aperture.  Thi^  is  Bpoediti/  meltod  b;  the  flame,  anil  its  Burface  cnvered 
with  a  cnial  of  oiida.  The  workman  thtn,  hy  the  aid  of  ftn  iron  tool,  diii 
gentl;  stirs  the  meited  mssH.  so  aa  iiilimately  to  mil  the  oxide  with  Tba  metal; 
he  now  nod  then  iilao  throws  in  a,  little  water,  with  the  Tiew  of  promoting 
more  rapid  oxidatioo.  Smull  jets  of  blue  flame  soon  nppeur  upon  the  snrfaoa 
(rf  the  iron,  and  the  Utter,  after  a  time,  begins  to  lose  ita  fluidity,  and  ho- 
quires,  in  sncce^aion,  ■  pasty  and  a  f^ranular  condidoa.  At  this  point  the  flrs 
is  strongly  urged,  (he  sandy  particles  once  more  oohere,  and  the  contents  of 
the  furnnae  now  admit  of  being  fonned  into  seTerikl  large  bftlla  or  masses, 
which  are  then  withdrawn,  and  placed  under  an  immense  hammer,  moved  by 
machinery,  by  which  each  becomes  quickly  fashioned  into  a  rude  bar.  Thin 
is  relieated,  aud  passed  between  grooved  cast-iron  rollers,  and  drawn  out  into 
a  long  bar  or  rod.  To  make  the  best  iron,  the  bar  is  cut  into  a  number  of 
pieces,  which  are  afterwards  piled  or  bouod  together,  again  raised  to  a  weld- 
iog  heat,  and  hammered  or  rolled  into  a  single  bar;  and  this  process  of  piling 
erfagaling  is  EomcCimes  twice  or  tbrice  repeated,  the  iron  beoomiDg  greatly 
improved  thereby. 

The  general  nature  of  the  change  in  the  puddling  fnrnnce  is  not  difficult  to 
Bsplain.  Cast-iron  consists  essentially  of  iron  in  combination  with  cnibon 
and  siliciam.  When  strongly  heated  with  oiide  of  iron,  those  conipouuds  nn- 
der^o  decomposition,  the  carbon  and  silicium  becumiug  oiidiied  nl  the  ex- 
pense of  the  oxygen  of  the  oxide.  As  this  change  takes  place,  the  metal 
psdaaily  loses  ila  fusibility,  but  retains  a  certain  degree  of  ndheBiTeceas,  so 
that  when  at  last  it  comes  under  the  tilt-hnmmer,  or  between  Ibe  rollers,  the 
particles  of  iron  become  agglutinated  into  a  solid  masa,  while  the  reudily- 
fuaible  silioBle  of  the  oxide  is  eqneeied  out  snd  separated 

All  these  processes  are,  in  Oreat  Britain,  performed  with  coal  or  coke,  but 
the  iron  obtained  is,  in  many  respects,  inferior  (a  that  made  in  Sweden  and 
Bussin  from  Iho  magnetic  oiide,  by  the  use  of  wood  charcoal,  a  fuel  l(i'>  dear 
to  be  ex leaMVely  employed  in  England.  Plate-iron  is,  however,  som.  iiiiies 
made  with  charcoal. 

Sitel. — A  very  remarkable,  and  moat  useful  substanoe,  prepared  by  beating 
iron  in  oontact  with  charcoal.  Bars  of  Swedish  iron  are  imbedded  in  charcoal 
powder,  contained  in  a  large  rectangular  crucible  or  chest  of  some  Bubstaoce 
capable  of  resisting  the  Sre,  and  exposed  for  many  hours  to  a  full  red-heat. 
The  iron  takes  up,  under  these  circumstances,  from  1'3  to  1'7  per  cent,  of 
oarbon,  becoming  harder,  and  at  the  same  time  fnsible,  with  a  certain  diminu- 
tien,  however,  of  malleability.  The  active  agent  in  this  cementation  process 
ia  probably  carbonic  oxide;  the  oxygen  of  the  air  iu  the  crucible  combines 
with  the  carbon  to  form  that  substance,  which  is  afterwards  decomposed  by 
the  heated  iron,  one-half  of  its  carbon  being  abstracted  by  the  latter.  The 
oarbonic  ocid  thus  formed  takes  up  an  additional  dose  of  oarbon  from  the 
eharooal,  and  again  becomes  carbonic  oxide,  the  oxygen,  or  rather  tiie  cai^ 
bonic  acid,  acting  as  a  carrier  between  the  charcoal  and  the  metal.  The  pro- 
duct of  this  operation  is  called  hlitlertd  steel,  from  the  blistered  and  rough 
Appearance  of  the  bars  :  the  texture  ia  afterwards  improved  and  eqnaliied  by 
welding  a  nnniber  of  these  bars  together,  and  drawing  tlie  whole  out  under  a 
light  tilt-hammer. 

'the  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion,  having 
heen  east  into  ingot-moulds,  and  afternarda  hammered:  of  this  all  fine 
Witting  instrnments  are  made;  it  is  ditScult  to  forge,  requiring  great  skill  and 
care  on  the  part  of  the  operator. 

Steel  may  also  be  made  directly  from  some  particular  varieties  of  cast-iron, 
W  that  from  spathnae  iron  ore,  contninlog  a  tittle  manganese.  The  nietnl  ia 
letaJDed,  iu  a  melted  state,  in  the  hearth  of  a  furoace,  while  a  stream  of  at" 
plays  upon  it,  and  causes  partial  oxidation ;  the  oxide  produced  raaDta,  m 
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iMfore  «tBl^.  on  the  CHrlHin  of  the  irnn.  nnd  witbdmws  a  portian  of  t 
•lenient.  When  a  propor  degree  of  fliffnesa  or  pastiness  is  obBorred  in 
jresidaal  metal.  U  is  withdrawn,  and  liammered  or  rolled  into  bar!.  ' 
wobU.  or  natiTe  steel  of  ludia,  !»  probiitily  mnde  in  thia  manner.  Annsi 
oaal-iroD,  sometimes  called  ran-ittel,  is  now  much  employed  as  k  aatotil 
far  the  more  oostl;  products  of  the  forge:  the  articles,  when  enst,  sre 
bedded  in  powdered  iron  ore,  or  eoma  earthy  material,  and,  after  being, 
posed  to  a  tnodernte  red-bent  for  some  lime,  are  allowed  elowly  to  soel, 
which  a  Tcry  extmordinarj  degree  of  soflneaa  and  malleability  la  atuii 
It  i»  Tery  possible  [hat  eome  little  deoarbonizaCion  may  take  place  dnrin^i 
process. 

The  moat  remarkable  property  af  steel  is  that  of  becoming  exceedingly  h 
vhen  quickly  cooled.  Wben  heated  to  redness,  aod  suddenly  quenched 
cold  water,  steel,  in  fact,  becomes  capable  of  scratching  glass  with  faeili 
If  reheated  to  redness,  and  once  more  left  to  cool  slowly,  it  agun  beM 
nearly  as  soft  as  ordinary  iron;  and  between  these  two  conditiona,  any 
quired  degree  of  hardness  may  be  attnined.  The  articles,  forged  into  an 
are  first  hardened  in  the  manner  described ;  they  n.re  then  Itmptred,  oritlit 
by  eiposure  to  a  proper  degree  of  annealing  heat,  which  is  often  Judged 
bj  the  oolor  of  the  thin  film  of  oxide  which  appears  on  the  polished  snift 
Thus,  a  temperature  of  about  43Q°  (22l°C),  indicated  by  a  faint  atraw-col 
gives  the  proper  tetaper  for  razors ;  that  for  scissors,  pen-linivea,  &o.,  irill 
comprised  between  470"  (243°C)  and  490=  (2a4oC),  and  be  attended  by  a  ' 
yellow  or  brown  tint.  Swords  and  wateh-spriogs  require  to  be  softer 
more  elastic,  and  must  be  heated  to  SQO"  (288°C)  or  SeO"  (293'>C),  at  t 
the  surface  beoomes  deep  blue.  Attention  to  these  colors  has  now  becom 
1ms  importanoe,  aa  metal  batbs  are  often  substituted  for  the  open  fin)  in 
^eratioD. 


Chromiam  is  fonnd  in  the  state  of  oiide,  in  combination  with  oxide  of  In 
in  some  abundance  in  the  Shetland  Islands,  and  elsewhere :  as  cfarcmatt ) 
lead  it  constitulea  a  very  beautiful  mineral,  from  which  it  was  first  oblldiM 
The  metal  itself  is  got  in  a  half-fused  condition  by  mixing  the  oxide  wil~ 
of  its  weight  of  oharooal-powder,  enclosing  the  mixture  in  a  cracible  ti 
with  charcoal,  and  then  subjecting  it  to  the  very  highest  heat  of  a  pown 
furnace. 

Deville  has  prepared  metallie  chromium  by  reducing  pure  sesquioiida 
ahromium,  by  means  of  an  insufficient  quantity  of  charcoal  in  a  i'  ' 
Thus  prepared,  metallic  ohromium  is  less  fusible  than  platinum, 
as  oorundom.  It  is  readily  acted  upon  by  dilute  hydrochloric  acid,  lenM 
dilute  sulphuric  acid,  and  not  at  all  by  concentrated  nitric  acid.  tVaayi 
(alned  chrominm  in  small  cubic  crystals,  by  the  action  of  eodiam  Taper 
■esquichloride  of  chromiam  at  a  red-heat.  The  crystalliiie  chrominm  ni 
the  action  of  concentrated  acids,  even  of  aqua  regis. 

Chrominm  farms  at  least  four  componnds  with  Oxygen,  correspondiDgi 
and  probably  isomorphous  with,  those  of  iron. 

The  aquitalant  of  chromium  is  26'7  ;  it  symbol  is  Cr. 

Peotoxiuk  of  c;hbomi<ih,  CrO. — When  potassa  is  added  to  a  sololion  ef'l 
protoohloride  of  ohromium,  a.  brown  precipitate  falls,  which  speedily  paai 
deep  foxy-red,  with  disengagement  of  hydrogen.  The  protoxide,  in  the 
of  iitB  pnlo-greenish  hydrate,  is  perhaps  obtained  when  ammonia  is  si 
luted  for  potassa  in  the  preceding  experiment.  This  substance  is  a  poi 
base,  forming  pale-bine  sails,  which  absorb  oxygen  with  extreme  avidK 
The  double  sulphate  of  protoxide  of  chromium  and  potassa  aontoins  G  eq. 
-\\Ki,  like  the  other  members  of  the  same  group. 


I'nyrosesQUicixiDE  or  cuhohifh.  CrO-|-Cr,Og.  is  (lie  nboTo  brovmibli-red 
|>reoipita1e  produced  by  tUe  nclion  of  wmei'  upon  tlie  protoxide.  Tlie  deoiim- 
IjOBitioD  ia  not  coTiiplola  nithout  boiling.  This  oxide  coriasp audit  nith  tho 
Usglietio  oxide  of  Iran,  nnd  is  not  fnUfiiLblo. 

Sbsquiokide  or  chrohicu,  Cr,()}.^1Vheii  chromnte  of  mercar;  prepared 
iij.  mixing  Bolutlone  of  the  nitrate  ol'  snboxide  of  mercur;  ond  of  chromale  or 
Ucbrotnale  of  pntHBsn,  is  exposed  to  n  red-heat,  it  is  decnmposed,  pure  sesqai- 
mcide  or  chromiam,  haying  a  fine  greaQ  color,  remniuing.  In  this  state  tha 
oxjde  is.  like  alumina  after  igiiilion,  insoluble  in  ncidB.  From  a  sulutiou  of 
eeaqoioxide  of  chromium  in  potai<aa  or  soda,  green  gelatinous  hy drated  sefqui- 
oxide  of  ohroniium  is  sepnrated  on  standing.  When  finely  powdered  and  dried 
over  Bnlphnric  acid,  its  fomiula  is  Cr,(!)j-|-6U0.  A  hydrate  may  also  be  hud 
by  boiliug  a  somewhat  dilute  solutiaa  of  bicbromnte  of  potassa,  strongly 
scidulnEed  by  liydroohlorio  said,  with  small  sncoeaaiTa  portions  of  sugar  or 
alcohol.  In  the  former  onae,  carbonic  acid  escapes ;  in  the  latter  a  sub»1nnae 
enlled  aldehyde  and  also  acetic  acid  are  formed,  aabstancea  witb  wbich  we 
■hall  become  acquainted  in  organic  chemislry;  and  the  oliromio  acid  of  the 
■alt  becomes  converted  into  aetiquichloride  of  chromium,  tlie  color  of  the  liquid 
ohanf^ng  from  red  to  deep  gre«a.  A  slight  excess  of  ammonia  precipitates 
the  hydrate  from  this  soliilion.  It  hos  a  pale  parpUsh-green  color,  which 
lieiloniea  full-green  oo  ignition:  an  eitraurdinary  ebrinliiug  of  volume  and 
sadden  incnndBaoHnce  are  obaerred  when  the  hydrate  is  decomposed  by  heat 
Aubydroas  eesquioxide  in  a  beautifully- crystalline  condition  may  be  prepared 
by  heating  to  full  redness  in  an  earthen  crucible  biohromate  of  potosna.  One- 
tulf  of  the  aoid  suffers  deoompoeition,  oxygen  being  diecngaged,  and  sesqui- 
ozide  of  chromium  left  The  melted  mass  is  tben  trented  with  water,  which 
disBolves  out  neutral  chromate  of  potassa,  and  the  oxide  is,  lastly,  washed  and 
dried.  Sesqaloiide  of  chromium  commuuicatea  a  fine  green  tint  to  glasH,  and 
le  used  in  en  am  el -pain  ting. 

The  sesquioiide  of  chromium  is  a  feeble  base,  reBeinbling,  and  isomorpbons 
with,  sesquioiide  of  iron  and  alumina:  the  salts  it  forms  have  a  green  or 
purple  color,  and  are  anid  to  be  poisonous. 

The  sulphate  of  sesquioiide  of  chromium  is  prepared  by  dissolving  .the 
fcydraled  oxide  in  dilute  sulphuric  acid.  It  unites  with  the  sulphates  of 
potassa  and  of  ammonia,  giving  rise  lo  mngnificeut  salts  which  crystallite  in 
regular  octahedra  of  a  decp-elv^t  color,  and  possess  a  constitution  resem- 
bling that  of  commoD  alum,  the  alumina  being  replaced  by  sesquiuxtde  of 
ehroiDiani.  The  Saest  orystals  of  chromium-alum  are  obtained  by  spontsneona 
MBporation,  the  solntion  beiog  apt  to  be  decomposed  by  beat 

Pbotoculdridb  or  chhohiuh.  CrCl, — The  violet-colored  sesquichloride  of 
obromium,  contained  in  a  porcelain  or  glass  tube,  is  heated  to  redness  in  a 
earrent  of  perfectly  dry  and  pure  hydrogen  gas;  hydrochloric  acid  ia  disen- 
gaged, and  a  white  foliated  mass  ia  obtained,  which  dissolves  in  water  with 
ereat  elevation  of  temperatnre,  yielding  a  blue  solution,  which,  by  exposure  to 
the  air,  absorbs  oxygen  with  extraordinary  energy,  acquiring  a  deep-green 
color,  and  passing  into  the  state  of  oxycbloride  of  chromium,  2Cr,CI,.Cr,0^ 
The  protoohlorido  of  chromium  is  one  of  the  most  powerful  reducing  or  deoii- 
^ling  agents  known. 

8K9ilDialii.uiiine  or  CRitouittH,  Cr,Cl,. — This  substance  ia  obtained  in  the 
uibjdroaa  condition  by  heating  to  redueits  in  a  porcelain  tube  a  mixture  of 
•wqnioxidB  of  chromium  and  charcoal,  and  passing  dry  chlorine  gas  over  it 
'hie  SGaqtii chloride  sablimes,  and  is  deposited  in  the  cool  part  of  the  tube,  in 
tha  form  of  benntinil  crystalline  plates  of  a  palc-violet  color.  According  to 
M.  Pdijtot,  it  ia  totally  inaolnble  in  water  under  ordinary  circuniBtaneea,  even 
at  a  bailing  heat.  It  dissolves,  however,  and  a^iBumea  the  deep-green  hydrated 
Itate  in  water  containing  an  eicecdingly-niinnte  quantity  of  the  prntochlorida 
Id  (olation.     The  hydration  ia  marked  by  the  evolution  of  much  heat.    "' '~ 
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n  cool.     Tlie  clii-omio  noid  crjstuUiicB  in  h 

,     ^ ,  mother-liquor  in  pnnrcii  otT,  and  the  orjiili 

'r't^''"'^iilt  10  drrvin.  being  elosely  covered  by  n  glHSB  or  bell-ji 
^>.'^tf  '^  nrj  deliqueBoonl  niid  soluble  in  water;  the  solutiaD, 
&!"  ^tif'  "tf  oo"""'  ">'*'  orgsnio  mntler. 

SlSv    ^"—'-  KO,Cr(V~Thia  it  the  source  of  h11  tlie  prepamtio 
*Sn*!|JL:  it  is  miida  directly  from  the  native  cfiromt-iron  ore,  which il 
^(KJ*.'^ ibe  eeaquioxido  of  chromium  and  protoxide  of  iron.  nuatosoOB 
I    ii'f'wii  erft  by  oatoination  witli  nitro  or  witli  onrbonata  of  potiu 
J    0if^Z^1iiVe.  the  PtoDH  hoing  roduced  to  powder,  and  bemed  fw 
I  v^^ik  lbs  fttkoli  in  a  reTurbemtor;  furonc^.     The  product,  when  t 
I  ij'^fer,  yields  t,  yellow  Boiulion,  wliicb,  by  evaporation,  deposits 
■  y^jfjatjls  at  the  same  color,  Isoraorphous  with  niilphate  of  potnasa. 
PJ'^gf  polaxsa  hai  a  caul,  bitter,  and  dibogroeable  taste,  and  diBBolvHvi 

^^nmaU  o/  i'oluMa.  KO,  2Cr<V  —When  Hulphurio  acid  is  added  lo 
Mding  salt  in  moderate  quantity,  one-half  of  the  base  is  removed,  and 
ilral  chrouialc  converted  into  bichromnte.  Tbe  new  eatt,  of  wblok  ] 
EtM  qnanlitica  are  manufactured  for  use  in  the  arbj,  cryglalliies  \ij  i 
iporatlcu  in  beautiful  red  tabular  cry stnls,  derived  fi-ont  an  obliqneiuWi 
im.  It  melts  when  heated,  and  ia  soluble  in  10  parts  of  wBt«T,  and 
.ition  haa  an  acid  reaotiou.  • 

Chronialt  of  Ltad.  PbO,  CrOi.  — On  mining  solution  ofohromate  or  bid 

...  ..■  „„. -.:.!,  nitrate  or  nootatB  of  lead,  a  brilliant  yellow  prei»l4t 

ipound  in  question ;  it  ia  the  ehrornt  yellutB  of  the  puBl 
'heu  this  conipiiund  is  boiled  with  lime-water,  one-half  of  the  noid  la  ni 
m.  and  B  Hubchromnle  of  an  orange-red  color  left.     Tbe  Bubobrotaalt 
formed  by  adding  chroniate  of  lead  to  fused  nitre,  and  afterwards  din 
_  oDl  the  soluble  salla  by  water,-  the  product  is  crystalline,  and  riiala 
lilion  in  beauty  of  tint.     The  yellow  and  orange  ohrome-culara  are  flsedl 
loth  by  the  alternate  application  of  the  two  solutions,  ajid  in  the  latter 
~'  passing  the  dyed  stuff  through  a  bnth  of  boiling  lime-water. 
OhriymaU  of  Silver,  AgO.CrO,.  —  This  salt  precipitates  ns  a  reddish-b 
lewder  when  solutions  of  ohromate  of  potassa  and  nitrate  of  silver  anm 
It  diasolvea  in  hot  dilute  nitric  acid,  and  separates,  on  cooling,  in  snail  l 
red  platy  crystnla.   The  ebromates  of  baryta,  Kinc,  and  moroury  are  iueoll 
(he  first  two  are  yellow,  the  last  ia  brick-rud. 

PiBOHBOMta  ACID  is  obtained,  according  to  Barreswill.  by  mixing  eki 
Mid  with  dilute  binoxide  uf  hydrogien  or  blohroninlo  of  potiuisa  with  ■  i 
but  very  aoid  solution  of  binoiide  of  barium  in  hydrochloric  acid,  wbM 
liquid  ie  formed  of  a  blue  color,  which  is  removed  from  the  aqueous  solal 
h]>  ether.  The  composition  of  this  very  unstable  compound  is  perhaps  CT) 
rnxesdlngi  oTClifin.  £«,  L  1|, 
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'.  salt  of  chromic  acid  is  at  once  recognized  by  its  behavior  with  solutiona 
\rjrta,  silver,  and  lead  ;  and  also  by  its  color  and  capability  of  furnishing, 
^oxidation,  the  green  scsquioxide  of  chromium. 


jHLOBOCHROMic  ACID,  CrOj-j-Cl.^ — 3  parts  of  bichromate  of  potassa  and  3} 
parts  of  common  salt  are  intimately  mixed  and  introduced  into  a  small  glass 
retort ;  9  parts  of  oil  of  vitriol  are  then  added,  and  heat  applied  as  long  as 
dense  red  vapors  arise.  The  product  is  a  heavy  .deep-red  liquid  resembling 
bromine ;  it  is  decomposed  by  water,  with  production  of  chromic  and  hydro- 
chloric acids. 

NICKEL. 

Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bearing  veini 
of  the  Saxon  mountains,  in  Westphalia,  Hcssia,  Hungary,  and  Sweden,  chiefly 
BS  arsenide,  the  kupfemickel  of  mineralogists,  so-called  from  its  yellowish-red 
color.  The  word  nickel  is  a  term  of  detraction,  having  been  applied  by  the 
old  German  miners  to  what  was  looked  upon  as  a  kind  of  false  copper  ore. 

The  artificial,  or  perhaps  rather  merely  fused,  product,  called  speisSy  is 
nearly  the  same  substance,  and  may  be  employed  as  a  source  of  the  nickel- 
salts.     This  metal  is  found  in  meteoric  iron,  as  already  mentioned. 

Nickel  is  easily  prepared  by  exposing  the  oxalate  to  a  high  white  heat,  in  a 
cmcible  lined  with  charcoal,  or  by  reducing  one  of  the  oxides  by  means  of 
hydrogen  at  a  high  temperature.  It  is  a  white,  malleable  metal,  having  a 
density  of  8  8,  a  high  melting-point,  and  a  less  degree  of  oxidability  than 
iron,  since  it  is  but  little  attacked  by  dilute  acids.  Nickel  is  strongly  mag- 
netic, but  loses  this  property  when  heated  to  660°  (349oC).  This  metal  forms 
two  oxides,  only  one  of  which  is  basic.  The  equivalent  of  nickel  is  29*6;  its 
symbol  is  Ni. 

Pbotoxide  op  nickel,  NiO. — This  compound  is  prepared  by  heating  to  red- 
ness the  nitrate,  or  by  precipitating  a  soluble  salt  with  caustic  potassa,  and 
washing,  drying,  and  igniting  the  apple-green  hydrated  oxide  thrown  down. 
It  is  an  ash-gray  powder,  freely  soluble  in  acids,  which  it  completely  neutral- 
izes, being  i.^omorphous  with  magnesia,  and  the  other  members  of  the  same 
group.  The  salts  of  this  substance,  when  hydrated,  have  usually  a  beautiful 
emerald-green  color ;  in  the  anhydrous  state  they  are  yellow. 

Sesquioxide,  or  peroxide  of  nickel,  NigOg.  —  This  oxide  is  a  black  inso- 
luble substance,  prepared  by  passing  chlorine  through  the  hydrated  oxide  sus- 
pended in  water ;  chloride  of  nickel  is  formed,  and  the  oxygen  of  the  oxide 
decomposed  transferred  to  a  second  portion.  It  is  also  produced  when  a  salt 
of  nickel  is  mixed  with  a  solution  of  bleaching-powder.  The  sesquioxide  is 
decomposed  by  heat,  and  evolves  chlorine  when  treated  with  hot  hydrochlorio 
acid. 

Chloride  op  nickel,  NiCl. — This  is  easily  prepared  by  dissolving  oxide  or 
carbonate  of  nickel  in  hydrochloric  acid.  A  green  solution  is  obtained  which 
famishes  crystals  of  the  same  color,  containing  water.  When  rendered  anhy- 
drous by  heat,  the  chloride  is  yellow,  unless  it  contain  cobalt,  in  which  case  it 
has  ft  tint  of  green. 

Sulphate  of  nickel,  NiO,S03  4-  7H0.  — This  is  the  most  important  of  the 
salts  of  nickel.  It  forms  green  prismatic  crystals,  containing  7  equivalents 
of  water,  which  require  3  parts  of  cold  water  for  solution.  Crystals  with  6 
equivalents  of  water  have  also  been  obtained.  It  forms  with  the  sulphate  of 
potassa  and  ammonia  beautiful  double  salts,  NiOjSOg-l-  K0,S03-|-  6H0  and 

•  Tf  thin  formula  be  trebled,  we  obtain  Cr$0«Cls  =  2Cr08.  CrCIi,  and  the  substance  beoomea 
•  flompound  <tf  2  eq.  of  chromic  acid  and  1  «q.  of  terchloride  of  chromium.  The  terchloride  of 
duonium  is  not  ^nown  in  the  free  state. 


yjXfi  COBALT. 

NiO,80,+  NB,0,80,+  6H0.  When  a  Btrong  solnlion  of  omlie  amd ii mii 
with  Hulpbnte  of  nickel,  a,  pale  blaUh-grcen  precipititte  of  oialute  follB  afl 
lome  time,  very  liltle  nickel  rDinaiiiiug  in  solutioo.  The  aKslnte  can  thm 
obtained  for  preparing  the  melal. 

CaBBONatk  of  nickrl.  —  When  solutians  of  salpliale  or  chloride  of  nid 
W  and  of  esrboiiule  of  eodn  are  mixed,  a  pale-greeu  precipitnle  falls,  wbi^  il 
I  wtrobinalion  of  curbonats  and  bjdrate  of  nickel.     It  ifl  readily  decompoaed  1 
Wcat. 

Pore  Baits  of  nickel  are  conTonienlly  prepared  on  the  Eninll  scale  from  OM 
(peisB  or  kupferuickel  b;  the  folloiritig  process;  —  The  mineral  is  broheo  ii 
■mail  fragments,  mixed  vith  from  one-fourlh  to  half  its  weight  of  iron  filial 
and  the  whole  disaolTed  in  aqua  regia.  The  solution  la  gently  eraporatedi 
dryness,  the  residue  treated  with  boiling  water,  and  the  insoluble  amnate 
iron  remoied  b;  a  filter.  The  liquid  is  then  acidulated  with  hydroehlorie  UJ 
treated  with  salphurelted  hydrogen  in  excess,  which  precipitates  the  (' 
and,  after  iiltnitioa,  boiled  with  a  little  nitria  acid  to  bring  bask  tba 
the  state  of  Besqaioiide.  To  the  cold  and  largelf-dilnted  liqaid,  aalatini 
bicarbonate  of  soda  is  gradually  added,  hy  which  the  sesquioxide  of  iron  u 
be  completely  separated  without  loss  of  nickel-salt.  Lastly,  the  filtered  id 
tion,  boiled  with  carbonate  of  soda  in  excess,  yields  an  abundant  pile-gM 
...,.  ..  Mjbonale  of  nickel,'  from  which  all  the 
le  prepared. 


D,  which  is  Holuble  in  excess,  with  i 


i,  with  I 


Ammonia  affords  a  similar  precipit 
parpUsh-blne  color. 

Carbonate  of  potuasfi.  and  eoda  give  piile-green  preci 
CnrboDBte  of  ammonia,  a  siniihir  precipitate,  sutub! 

FerrocjaDide  of  potassium  gives  a  greenish -while  precipitate. 

Cyanide  of  potasHium  produces  a  green  precipitate,  which  disaolves  In  I 
excess  of  the  precipitant  to  tin  amber-colored  liquid,  which  is  re-preoipitat 
by  addition  of  hydrociiloric  acid. 

"  "  ■  •  -     -  ■  hange,  if  the  nickel  be  in  oonl 


eof 


rs  down  black  sulphide  of  tdckol. 


■ometimea  culled  German  silver,  made  by  melting  together  100  parts  of  o 


This  subatauoe  bears,  in  many  respects,  an  exlronrdinary  resemblanoe  . 

obtained  from  its  compounda  hy  similar  meana.  Cobalt  is  a  while,  brit' 
very  tenaoious  metal,  having  n  specific  gravity  of  S-6,  and  a  very  iiigh  raelli 
'dl     It  is  nncbanged  in  the  air,  and  but  feebly  attaoited  by  dilate '    ' 
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ihiofie  and  snlplinric  acids.  It  is  strongly  magnetic.  There  are  two  oxides 
of  this  metal,  corresponding  in  properties  and  constitution  with  those  of 
BickeL 

The  equivalent  of  cobalt  is  29-65;  its  symbol  is  Co. 

pEOTOXiDB  OP  COBALT,  CoO. — This  is  a  gray  powder,  very  soluble  in  acids, 
and  is  a  strong  base,  isomorphoas  with  magnesia,  affording  salts  of  a  fine  red 
tint.  It  is  prepared  by  precipitating  sulphate  or  chloride  of  cobalt  with  car- 
bonate of  soda,  and  washing,  drying,  and  igniting  the  precipitate.  When  the 
t6balt  solution  is  mixed  with  caustic  potassa  a  beautiful  blue  precipitate  falls, 
which,  when  heated,  becomes  violet,  and  at  length  a  dirty  red,  from  absorption 
of  oxygen  and  a  change  in  the  state  of  hydration. 

Sbsquioxidb  of  cobalt,  C02O3.  —  The  sesquioxide  is  a  black,  insoluble, 
neutral  powder,  obtained  by  mixing  solutions  of  cobalt  and  of  chloride  of 
lime. 

CoBALTic  ACID. — By  fusing  protoxide  or  sesquioxide  of  cobalt  with  hydrate 
of  potassa,  Schwarzenberg  obtained  a  crystalline  compound,  which  appears  to 
be  the  potassa-salt  of  cobaltic  acid.  This  salt  has  the  unusual  formula, 
KO,3Co,06-|-  3H0. 

Chloride  op  cobalt,  CoCl.  — The  chloride  is  easily  prepared  by  dissolving 
the  oxide  in  hydrochloric  acid ;  it  gives  a  deep  rose-red  solution,  which,  when 
sufficiently  strong,  deposits  hydrated  crystals  of  the  same  color.  When  the 
liquid  is  evaporated  by  beat  to  a  very  small  bulk,  it  deposits  anhydrous  crys- 
tals which  are  blue ;  these  latter  by  contact  with  water  again  dissolve  to  a 
red  liquid.  A  dilute  solution  of  chloride  of  cobalt  constitutes  the  well-known 
blue  sympathetic  ink :  characters  written  on  paper  with  this  liquid  are  invisible 
from  their  paleness  of  color  until  the  salt  has  been  rendered  anhydrous  by 
exposure  to  heat,  when  the  letters  appear  blue.  When  laid  aside,  moisture  is 
absorbed,  and  the  writing  once  more  disappears.  Green  sympathetic  ink  is  a 
mixture  of  the  chlorides  of  cobalt  and  nickel. 

Chloride  of  cobalt  may  be  prepared  directly  from  cobalt'glancet  the  native 
arsenide,  by  a  process  exactly  similar  to  that  described  in  the  case  of  nickel. 

Sulphate. OP  cobalt,  CoO,S03-(-  7H0. — This  salt  forms  brownish-red  crys- 
tals, requiring  for  solution  24  parts  of  cold  water ;  they  are  identical  in  form 
with  those  of  sulphate  of  magnesia.  It  combines  with  the  sulphates  of  potassa 
and  ammonia,  forming  double  salts,  which  contain  as  usual  6  equivalents  of 
water. 

A  solution  of  oxalic  acid  added  to  one  of  sulphate  of  cobalt  occasions,  after 
some  time,  the  separation  of  nearly  the  whole  of  the  base  in  the  state  of 
oxalate. 

Carbonate  op  cobalt.  —  The  alkaline  .carbonates  produce  in  solutions  of 
eobalt  a  pale  peach-blossom-colored  precipitate  of  combined  carbonate  and 
hydrate,  containing  8(CoO,HO)  +  2(CoO,C08). 


The  salts  of  cobalt  have  the  following  characters :  — 

Solution  of  potassa  gives  a  blue  precipitate,  changing  by  heat  to  violet  and 
red. 

Ammonia  gives  a  blue  precipitate,  soluble  with  difficulty  in  excess,  with 
brownish-red  color. 

Carbonate  of  soda  affords  a  pink  precipitate. 

Carbonate  of  ammonia,  a  similar  compound,  soluble  in  excess. 

FeiTocyanide  of  potassium  gives  a  grayish-green  precipitate. 

Cyanide  of  potassium  affords  a  yellowish-brown  precipitate,  which  dissolves 
hi  an  excess  of  the  precipitant.     The  clear  solutions,  after  boiling,  may  be 
ipixed  with  hydrochloric  acid  without  giving  a  precipitate. 
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I  obsBga,  If  the  cobalt  be  in  eom1)lii>tl^ 
throws  down  Maek  salphide  of  cobalt.' 


J   '  Oxide  of  cobalt  ia  reninrkable  for  Ibe  mngnilicent  blue 

t  tiites  to  glass  ;   indeed.  Ihu<  ia  a  chnrsuler  hj  wblch  ils  pre 

f  Mwily  delected,  a  very  fltniill  portion  of  tbe  sabatance  to  I 

p  ^ed  with  borax  an  s  loop  of  platjnum  wire  before  the  blow-pipe.     Tbe  nIA 

r  ttauea  onlled  imall,  used  >8  a  pigment,  conaista  of  gloBa  colored  bj  oxidarf 

I    eobnlt;  it  ii  tbua  madei  — The   cobDiU  ore  is  rosatnl  until  Dearl;  free  tTBm 

L  tTBenio,  nnd  then  fosed  with  a  mixture  of  oarbonale  of  potnsu  and  qn«rtW' 

[  und.  free  from  oxide  of  iron.     Any  nickel  that  mny  happen  to  be  conlainoi 

tbe  ore  then  aiibxides  tc  the  bottom  of  the  crucible  sa  areenide :   this  i«  lU 

ii'ii  of  which  meiitioD  has  already  been  made.      The  glass,  when  eomplelet 

Teieoved  niid  poured  into  cold  water ;  it  is  afterwards  ground  to  powder  ut 

I   elutriated.    Coball-ullTamarine  ie  a  fine  blue  Oolor  prepared  b;  mixing  16  pirti 

L  ^  freshly -precipitated  alumion  with  2  pnriB  of  phosphate   or  araGnntB  of 

I  Mbnlt:  this  mixture  is  dried  and  alowly  heated  to  redness.     By  daylight  lk( 

I  polor  IB  pure  blue,  but  by  artifioial  light  it  is  violet.     A  similar  compoand  of 

i.  Sue  green  color  is  formed  by  igniting  oxide  of  xicc  with  salts  of  cobalti 

Zoffcf  is  the  roasted  cobalt  ore  mixed  with  a  qoantit;  of  siliceDUH  sand,  mt 

reduoed  to  fine  powder;   it  la  used  in  enamel-painting.    A  miiture  in  dnepTM 

poniona  of  the  oxides  of  cobalt,  matiganeae,  and  iron  is  used  for  giving  a  fiH . 

black  color  to  glaas. 


I 


Zinc  ia  B  somewhat  nbuDilant  metnl  J  it  is  found 
silioate,  and  sulphide,  asaociated  with  lead  ores  in  many  distriela,  both  j^ 
Britain  nnd  on  the  Continent;  large  supplies  are  obtained  from  Sileua,  agl 
tema  the  neighborhood  of  Aix  la  Chapelle.     The  native  carbonate,  '      '  ' 

b  the  most  valuable  of  the  zina  oreH.  and  is  preferred  for  the  extraction  of 
ttietal :  it  is  firat  roasted  to  expe)  water  and  carbonic  acid,  mixed  with  fr 
Bienta  of  colie  or  charcoal,  and  then  distilled  at  a  foil  red-heat  in  a  1>. 
•arthen  retort;  carbonic  oxide  escapes,  while  the  reduced  metal  vclatililj 
Vid  ia  oondenaed  by  suitable  means,  generally  with  minute  quantitiea 

Zinc  is  a  bluish'wbite  metal,  which  slowly  tamishea  in  the  air;  it  ba 
larnellar,  crystalline  structure,  n  density  varying  from   6'8  to  7>2,  snd  il. 
Bnder  ordinary  oiroumstauces,   brittle.      Between    250°   [121=C)   and   %" 
(Hg'O)  it  Is,  on  the  contrary,  malleable,  and  may  be  rolled   or  ' 
without  danger  of  fracture,  and,  what  is  very  remarkable,  after  s 
ment,  retains  its  malleability  when  cold:   the  sbeet-iinc  of  commei 
made.     At  WO"  (204''1C)  it  is  so  brittle  that  it  may  be  reduced  to  powdn 
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At  773°  (4Il°-6C)UmeIti:  at  n  bright  red-hent  it  boiU  anil  YolalilUea,  nnd, 
if  the  air  be  udinitti'd,  buma  with  »  i<pleii(lid  greeaish  light,  geiitraliDg  the 
oxide.  Dilute  uciiia  diaBoWe  zinc  yarj  readilj;  it  ia  conatantly  emplajed  in 
this  manner  in  prepnring  hydrogen  gns. 

The  equiralent  of  zinc  haa  been  fixed  at  S2'6  j  its  symbol  ia  Zn. 

Fbotoxide  op  zihc,  ZdO. — Only  one  oxide  of  thia  metal  ib  known  to  eiiet; 
it  ie  a.  Strang  hose,  in  its  compounds  isomorpbous  with  mngnoiiia ;  it  is  pre- 
pared either  by  burning  litis  in  atmoapheric  air,  or  by  heating  to  redness  the 
mrboiuite.  Oxide  of  zinc  ia  a  vhite  tastelesa  ponder,  insoluble  in  water,  but 
tmeij  disaolved  by  ncida.  When  heated  it  is  yellow,  bnt  tuma  while  again  or 
iKKding.      It  ia  gelling  into  use  aa  a  aubstitnte  for  white  lead. 

SDLFHATHDPtiNc;  WHiTK-TiTEioi. ;  ZnO,  SOj-|- 7110.  Th IS  Salt  is  hardly 
ts  be  dietiuguiahed  by  tbe  eye  from  sulphate  of  magnesia  j  it  ia  prepared 
rither  by  diaaolviag  the  melnl  in  dilute  aulphuric  acid,  or  more  cconomioully, 
kj  roasting  tlie  native  sulphide,  or  Uirxlc,  wbicii,  by  nbsorplion  of  oxygen, 
faMOmeB  in  great  part  converted  inlo  eulphate  of  the  oiiJe.  The  attOTeit 
tnioeral  ia  thrown  hot  into  water,  nnd  tbe  salt  obtained  by  evaporating  the 
eloar  aoluCion.  Sulphate  of  lino  tins  an  astringent  melaltic  tMate,  and  ia  naed 
in  medicine  aa  an  enietio.  The  cryatala  dissolve  in  2  J  parta  of  ould,  nnd  in  B 
nweh  smaller  quantity  of  hot  water.  Crystals  containing  ii  equivalents  of 
water  hare  beeu  obaerved.  Sulphate  of  ziae  forms  double  suits  with  the 
oulphates  of  polasaa  aod  ammonia, 

Cabbonatk  (if  zinc,  ZnO.CO,. — The  neutral  carbonate  is  found  native;  the 
vhite  precipitate  obtained  by  mixing  soluIioDS  of  zinc  and  of  alknline  carbo- 
aateK  is  a  coinbiantion  of  carbonate  and  hydrate.  When  heated  to  redneaa,  it 
yields  pure  oxide  of  zinc. 

Chloride  of  zinc,  ZnCI. — Tbe  chloride  may  be  prepared  by  heating  metallic 
lino  in  chlorine;  by  distilling  a  miitare  of  lino-Glings  and  corrosive  aublt- 
nate ;  or,  more  easily,  by  dissolving  zinc  in  bydroohloric  aeid.  It  is  a  nearly 
wbite,  translucent,  fusible  subatance,  very  soluble  in  water  and  alcohol,  and  very 
deliqaeacenL  A  atrong  solution  of  chloride  of  linc  ia  sometimes  used  na  a 
tnth  for  obtaining  a  graduated  beat  above  212°  |100<>C).  Chloride  of  lino 
unites  with  aal-ainmoniac  and  chloride  of  potasaium  to  double  salts :  tbe  former 
of  tbeae,  made  by  dissolving  an  equivalent  of  »ino  in  the  requisite  quantity 
of  hydroobloric  acid,  and  then  adding  an  equivalent  of  sal-ammouiaa,  is  very 
weful  in  tinning  and  soft-soldering  copper  and  iron. 


A  salt  of  zinc  is  easily  distinguished  by  appropriate  rea|i!ents. 

Caiistic  potasas  and  soda  give  a  white  precipitate  of  hydrate,  freely  soluble 
in  excess  of  alkMi, 

Ammonia  beliavea  in  the  same  manner  ;  an  excess  re-i^diesolves  the  preoipi- 
tale  iiiBlnutly. 

The  oarbonatea  of  potossa  and  soda  give  white  preoipitates,  insoluble  in 

Cnrbonale  of  ammonia  gives  also  a  white  precipitate,  which  is  re-diaaolvcd 

Ferrocyanide  of  potassium  gives  a  white  preoipitate. 

Sulphuretted  hydrogen  causes  no  change.' 

Sulphide  of  ammonium  throws  down  white  sulphide  of  zino. 


The  Bpplicationa  of  metallic  sine  lo  the  purposea  of  roofing,  the  i 
Won  of  water- channels.   Stc,  are  well  known;  it  is  sufficiently  durable,  bnt 
.inferior  in  this  respect  to  copper. 

■  With  nmilna  HJluUons,  or  lidimilla  of  an  Drganii!  Mli,  a  ubito  ptMip 


I 


CADMIUM.- 


I 


if  metftl  HUB  cliBcovercrl  in  1817  by  Stromejer,  unil  by  nermann 
ip;iuiea  Lhe  ores  of  linu.  EspGclallj  those  oCL-urring  iu  Silt'sia,  nnil,  bl.. 
Tolfttile  than  Ihat  Bubatance,  rises  first  in  vapor  when  liie  cnlninfNei 
BUbjeoted  to  dietillatioD  villi  cbarcosl.  Cadiniani  rsBembleg  tin  in  eutni'.  t 
!■  somewbat  harder;  it  is  ypry  malleuble,  has  a  deDsitj  of  87,  meltH  M 
600°  (lieO'C),  and  is  nrnrly  wt  loUlile  a«  mercary.  It  tnriiiBhes  but  Ultle 
tbe  air,  but,  when  Btron|;l;  heated,  burna.  l>ilala  snlplinric  and  byilroebloi 
ftoids  aat  but  little  oo  this  metal  in  the  cold ;  nitric  acid  is  its  bi-st  solvent. 
The  equivalent  of  cndmiuio  is  6(i;  its  ejmbol  is  Cd. 
Protoxiob  of  OAimiPB,  CdO.  —  The  oiida  maybe  prepared  bj  igniti 
either  the  oaibonatfl  or  the  nitrate;  in  the  fonner  case  it  has  a  '  ' 
Bitlor.  and  io  tlie  latter  a  much  darker  tint,  and  forms  octohedral 
wystali),  Oiide  of  cadminm  is  infusible ;  it  disaoWea  in  aoids,  prodi._.. 
cerien  of  cotorlegs  aalta;  it  atlractB  carbouic  acid  from  the  utmosphen 

BtlLPUATE  Of  oiDMicM,  CdO.SO,  -|-  4nO.  —This  is  easily  obtained  by 
■olving  the  oxide  or  carbonate  in  dilute  Bulpbnrie  add  ;  it  is  very  aalnbW 
water,  and  forma  double  ealts  with  the  snlphalea  of  potasan  and  of  aia      * 
which  oontnin  reapectiTely  CdO,80,+  KO,SO,-t-  6H0  and  CdO.SO,  + 
Sa  +  6H0. 

Chloeiub  of  CADHinu,  CdCI.  —  This  is  a,  very  soluble  Ball,  crystaUiiing 
■mall  four-sided  prisma. 

BuuBiDi  01  GADHiDH  19  B,  Tcrj  charsoleiiatic  compound,  of  a  bright-yel 
eolor.  forming  microscopic  crystnla,  fusible  at  a  high  temperature.  1 
obtained  by  possiog  sutpbnretled  hydrogen  gas  tlirougb  a,  solution  of  the 
phnle,  nitrate,  or  chloride.  Thia  eompound  is  useful  as  a  yellow  gdIin 
matter,  of  great  beauty  and  permanence.     It  occara  native  as  sranocldU. 

The  salts  of  cndmiom  are  thus  distinguiabed :  — 

Fixed  eaustii  dlhalis  give  a  white  precipitate  of  hydnited  oxide,  Inaoll 
ill  eioeas. 

Ammonia  gives  a  aimilnr  white  precipi 

The  alkaline  carbonates,   and  cnrboni 
urbonate  of  cadmium,  iiisniubte  in  eicesa  of  either  precipitant. 

Sulphuretted  hydrogen  and  aulpbide  of  ammoniuui  preoipitnte  tbs  ydl 
■nip  bide  of  cadmiam. 

Biamulb  is  fonnd  chieflyin  the  metallic  state,  diaseminated  through  vari< 
rocks,  from  which  it  ia  separated  by  simple  exposure  to  beitt.  Tbe  mellj 
highly  crystalline  and  very  brittle ;  it  baa  a  redi^ah-while  color,  and  a  dsM 
iif  9-9.  Crystals  of''grcttt  beauty  may  he  obtained  by  slowly  oooHngaB 
Slderable  maas  of  tbia  subatance  until  aolidifioation  has  commenced,  aa4t{ 
piercing  the  crust,  and  pouring  out  the  fluid  residue.  Biamulb  melta  at  ah 
600"  [260°C),  and  volatiliiea  at  a  high  temperature!  it  is  little  Diidind 
the  air,  bot  burna  when  strongly  heated  with  a  bluish  flame.  Ntlrie  u 
■oinewlint  diluted,  disBolveB  it  freely. 

The  equivalent  of  bismuth  is  208.  ita  symbol  is  Si. 

Teroxidb  of  bibmutb,  BiO,.  — This  is  tho  hnss  of  all  the  hiiUb.  Itl 
■iraw-yllow  powder,  obtaini^d  by  gently  igniting  the  neutral  or  baEieniln 
It  is  fusible  nt  a  high  temperature,  and  in  thnt  etate  acts  towards  siliDM 
matter  as  a  powerful  flux. 

BisutrraiC  ACID,  BiO^  —  If  teroiide  of  biamuth  be  saspended  in  a  Mn 
solution  of  potJisso,  and  chlorine  he  pnssed  through  this  liquid,  deeompMlll 
-.f  water  ensues ;  hydrochloric  acid  boiiig  formed  and  tbe  Mroxido  brinf  .* 
Teried  into  the  pentozide.     To  separate  any  teroxide  which  mikyluHflMip 
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«xidation.  tbe  powder  is  (rented  with  dHule  nitric  acid,  wlien  tho  biamathio 
toid  IB  left  as  H  reddii^b  ponder,  nbiah  ia  insoluble  iu  water.  This  tmbstange 
iDTnbinea  with  bnaes,  but  the  compounds  are  not  Tery  well  known.  When 
heHted  ic  loaea  oxirgen,  an  intermediate  oxide  BiO^  being  formed,  wiiich  may 
be  consiilered  as  biBoiuIhale  of  bismuth.  2BiO,  —  BiO.,  BiO,. 

NiTBATK  OF  BISMUTH.  Bi<V3N0,+  lOHO.  —  When  bismnth  IB  dissolved  ID 
fuoderateij-strong  nilrio  anid  to  Baturation.  and  tbe  whole  left  to  cool,  Urge, 
eolorlesB,  transparent  crystals  of  the  nentral  nitrate  are  deposited.  Water 
decomposes  Clieas  crjstals;  ^n  acid  BolutioD  containing  a  little  bismath  !» 
oblaiDed,  and  a  brilliant  white  CT7atnlline  powder  is  left,  which  Taries  to  a 
gertnin  extent  in  composition  soanrditig  to  the  lemperature  and  tbe  qiiantitj' 
at  water  employed,  but  which  frequently  consiatB  of  a  baBic  nitrate  of  the 
torozide  BiOj.MJ,,  +  2H0.  A  solnlion  of  nitmte  of  bismuth,  free  from  any 
'  giaU  excees  of  acid,  ponred  into  a  large  qanality  of  cold  water,  yields  an  inso- 
luble basic  nitrnle,  sery  similar  in  appearance  to  the  abcTe,  bnt  containing 
nther  a  larger  proportion  of  l«roiide  of  bismuth.  This  remarkable  deoom- 
poflittun  illustrates  at  once  the  basic  property  of  water,  and  the  feeble  affinity 
of  tsroxide  of  bismuth  for  acids,  the  nitric  aoid  dividing  itself  between  the 
two  bnsea.  The  decomposition  of  a  neutral  Bait  by  water  is  by  no  means  an 
anoninniaD  occurrence  in  the  history  of  the  metals  j  asolotioaof  terchloride  of 
antimony  exhibits  the  same  phenomenon  ;  certnin  salt^  of  mercury  are  affected 
in  a  similar  manner,  and  other  cases  might  perhaps  bo  ulted,  less  conspicuous, 
where  the  same  change  takes  place  to  a  smaller  extent. 

The  basic  nitrate  of  teroiide  of  bismuth  was  once  eitensiTely  employed  ai 
•  ooametlo,  but  is  said  to  injure  t!ie  skin,  rendering  it  yellow  and  leather-like. 
It  huB  been  used  in  meiiicine. 

Ihe  other  salts  of  bismuth  possess  few  points  of  interest. 


Bismnth  is  sufficiently  oharacteriied  by  the  decomposition  of  the  nitrate  by 
water,  and  by  the  blackening  the  nftrate  uTTdergoes  when  exposed  to  the 
KCtion  of  sulphuretted  hydrogen  gas. 

A  mixture  of  8  parts  of  bismuth,  6  parts  of  lead,  and  3  of  tin,  is  known 
under  the  name  ot  fuaiblt  milul.  and  is  employed  in  tnking  impressions  from 
dieaand  for  other  purpoaes;  it  melts  below  21-J°(1U0°C).  The  discrepanciee 
an  frequently  observed  between  the  properties  of  alloys  and  those  of  their  con- 
■ttlueot  metals,  plainly  show  that  such  substances  most  be  looked  npon  as  true 
•beraioal  compounds,  and  not  as  mere  mixtures :  in  the  present  case  the  proof 
ia  complete,  for  the  fusible  metal  has  lately  been  obtained  in  crystals. 


Ihls  metal  is  found  in  a  few  minerals,  as  pilckhlendi  and  uninJK,  of  whicl 
the  former  is  the  more  abundant.  According  to  M.  Piligol,  the  aubatanei 
cbtaJned  bj  tbe  action  of  hydrogi'n  gas  npon  tbe  block  oxide,  and  formerly 
taken  for  metallic  urnniam,  is  not  in  reality  the  metal,  bnt  a  protoxide, 
capable  of  uniting  directly  with  acids,  and  like  the  protoxide  of  manganese, 
not  deoomposatile  by  hydrogen  at  a  red-heat.  The  metal  itself  can  be  obtained 
only  by  the  intervention  of  potassium,  applied  in  the  same  manner  as  in  the 
preparation  of  magnesium.  It  is  de.'cribed  as  a  black  cuherent  powder,  or  a 
white  malleable  metal,  according  to  the  slate  of  aggregation,  not  oxidiied  by 
air  or  water,  but  eminently  combustible  when  exposed  to  heat.  It  unites  also 
With  great  viole'ice  with  chlorine  nnd  with  sulphur.  M.  P^ligot  admits  three 
distinct  oiides  of  uranium,  besides  two  other  cumpouuda  of  the  metal  and 
aiygen.  which  lie  designntes  as  suboxides. 

The  equivalent  of  araniuin  is  (iO.      Its  symbol  is  IT. 

Vmnxidb  o»  viiainii,  00.  — Thia  ie  tbe  body  lormerlis  ooiua&ettit.Mk'ft 
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nelkl ;  it  is  preparod  by  eevarril  prnccsi 


It 


■  of  whioli  liai  I 
Iilghl;  crj'stiilUiie.     WhM 
and  burning 


pyroph 
oiiite.  It  forma  with  acids  ■  serieB  of  green  mUi.  A  oorresponding  ol 
eii»bi,  which  rorma  d«rk-green  oclrthedrel  ol^atala,  Liglily  deliqa«MeU' 
loliible  !□  water.  M.  Fdligot  attribatts  a  very  eitrnordinarj  double  fniH 
to  this  rnbBtnnce,  namel;.  (hat  of  acting  as  a  protoaids  nnd  forming  Blilla' 
Boids,  nnd  that  of  combining  with  eblorine  or  oijgen  after  the  f»hioa  Dl 
•Ictnentnrj  body. 

PBOTO-BEixjnioxiDit  OF  tiBAiiinM  ;  BiAoli  oirDB  ;  D,Os-  or  2U0+C/),- 
-lack  iiiide,  fonnprl;  considereil  as  proloxide,  is  produced  when  either  ; 
toiide  or  Besquioxide  ia  etrongl;  healed  in  tbu  air,  the  former  gaining  i 
the  t&tter  losing,  a  certitin  quiintity  of  oxygen.  Ic  forma  na  i  "  '  ' 
resolTed  by  filiation  in  aeids  into  pmtoiide  and  aeaqniaxide.  It  is 
nsed  In  paining  on  gloss  nnd  pnrcelaln. 

SsHQrioxiDE  or  ubanidh.  U|0,.  —  The  seBqnioiide  ia  the  best  known  < 
most  important  of  the  three;  itfonnsanomberof  ejttremely  beautifulgi 
jellow  Baits.  When  canBtio  alkali  is  added  to  a  sohilion  of  nitratti  of  «mb 
oxide  of  uranium,  a  yellow  preoipitate  of  bydrated  oiide  falla,  which  nn 
hnwever,  a  poitioii  of  the  precipitant.  The  hydrate  cannot  be  expondt 
heat  aufficienC  Co  expel  the  water  without  a  commencement  of  deaomprai'" 
A  better  method  of  obtaioing  the  BBBquioiide  ia  to  heat  by  means  of  ai 
balh  the  powdered  and  dried  orystftlB  of  the  nitrate  to  480=  (249°C),  « 
DO  more  nitroua  fumes  are  disengaged.     Its  color  in  this  state  ia  ohirnr 

NiTBATB  OF  SKSunioiniH  o»  niiANiuM,  n,0,NO,  + BHO,-  or  (0^1 
N0j4-6H0;  C,0,  being  the  aoppoaed  jnori-mffoi.— This  nitrate  ia  tlielt| 
iDg-point  in  the  preparation  of  all  the  compounda  of  nraniutn :  it  HM^ 
prepared  from  pitohblende  by  diaaolving  the  piiWeriied  mineral  in  nitrJaM 
Biaporating  to  dryneesa,  adding  water, and  filtering;  tbe  liquid  fumbliM 
'  ■yna  evaporation  crystals  of  nitrate  of  uranium,  which  are  purified  bj 
repeticioa  of  the  process,  and,  laiitly,  disaolveil  in  ether.  Tliis  latter  mlai 
jtelds  the  pure  nitrate. 

The  green  anita  of  aranium  are  percxidized  by  boiling  with  nitric  acid. 

A  yellow  precipitate  with  oaualio  alkalies,  convertible  by  heat  into  bit 
oxide :  a  brown  precipitate  with  anlphide  of  amnioniom ;  and  no  preoipiM 
with  aulphurettcd  hydrogen  gas,  sufficiently  characteriie  tbe  satis  of  leiHf 
oxide  of  uraniam.  A  solnlion  anspecled  to  contain  protoiido  may  be  boB 
with  a  little  nitric  aoid,  and  then  einminod. 


The  only  application  of  m 
ofglnas;  tbe  protoxide  gi'ii 
yellow. 


Copper  ia  a  metal  of  great  Talne  in  tbe  arts:  it  sometimeB  ooeurl  ii 
metallic  state',  cryslnlliied  in  octabedra,  or  more  frequently  in  dodeoahed 
but  is  mure  abundant  in  the  Condition  of  red  oxide,  and  in  that  of  anIfA 
combined  with  solphide  of  iron,  ns  ytUmn  eopprr  art.  or  copper  pgrila.  he 
qnantitiea  of  tbe  latter  Habataiice  are  annually  ohlained  from  the  Cm 
ail  taken  to  South  Wales  for  reduction,  which  is  effecte-l  by  ■  WHMiri 

implex  proceas.  Tbe  principle  of  this  may,  however,  he  easily  madailt* 
libte.  The  ore  is  ronsted  in  a  reverberalory  furnHoe.  by  wlilch  miuA  (f'l 
bj^de  of  iroDis  oooTerted  iikto  oi\d«,wlul«  the  Hoiphide  of  ooppwMM^ 


COPPER.  Z9D 

mialteretl.  The  product  of  this  npernlion  is  then  strongly  heat«il  nitb  HJliceouB 
Band  ;  Hie  Idtter  combines  with  fho  oxide  of  iron  to  u  fiiaible  ilag,  und  Bppft- 
rfttes  rrorn  the  henvier  copper-Bonipouod.  When  the  iron  has,  b;  u,  repetition 
of  IhesH  procesBCB,  been  got  rid  of,  the  sulphide  of  copper  begins  to  decom- 
pnta  in  the  fiame-furDace,  losing  it«  sulphur  nnd  absorbing  oxygen;  the  tem- 
perature is  then  raised  aufficientlj  to  reduce  the  oiide  thus  produoed,  hj  the 
kid  of  carbonaceous  matter.  The  last  pnrt  of  the  operntion  consiata  in 
tiuBBting  iu(D  the  melted  metal  a  pole  of  birch-wcnd,  the  object  of  which  ii 
probably  to  reduce  a  little  remaining  oxide  hj  the  combuatible  gases  thus 
generated.  Large  quantities  of  extremel;  valuable  ore.  ctiieBy  carbonate  and 
red  oxide,  hare  lately  been  obtained  from  South  Australia  and  Cltili. 

Copper  has  a  well-known  yellowish-red  color,  a  specific  gravity  of  8-96,  and 
ia  very  malleable  and  ductile ;  it  is  ao  excellent  CDnductor  of  heat  and  elec- 
trioily;  it  melts  at  a  bright  red-heot,  aud  seems  to  be  a  little  Tolatile  at  a  very 
high  lempernture.  Copper  undergoes  no  change  in  dry  air;  exposed  to  a 
noist  BtmoBphere,  it  becomes  covered  with  a  strongly-adherent  green  crust, 
BDiMJgting  in  a  great  measure  of  oarbonate.  Heated  to  redness  in  the  air.  it 
is  qnickly  oxidiKed,  becoming  covered  with  a  block  acate.  Dilute  sulphuric 
and  hydrochloric  acids  scarcely  act  upon  copper ;  boiling  oil  of  vitriol  attacks 
it  with  evolution  of  sulphurous  acid;  nitric  acid,  even  dilute,  dissolves  it 
raadily  with  evolution  of  binoiide  of  nitrogen.  Two  oxides  are  known  which 
form  salts;  a  third,  or  peroxide,  is  said  to  exist 
The  equivalent  of  copper  is  81-7  ;  its  symbol  Cn. 

Fhotoxidh  op  oopper  ;  black  oxide;  CuO-^This  ia  the  haae  of  the 
ordinary  blue  aud  green  salts.  It  is  prepared  by  calcining  metiiliio  copper  at 
%  red-beat,  with  full  exposure  to  air,  or,  more  couvenieutly,  by  heating  to 
rodneas  the  nitrate,  which  suffers  complete  deoomposition.  When  a  salt  of  this 
•xide  is  mixed  with  cnnstic  alkali  in  excess,  a  balky  pale-blue  precipitate  of 
hTdrnted  oilde  falls,  which,  when  the  whole  is  raised  to  the  boiling-point, 
becomes  converted  into  a  heavy  dark-brown  powiler:  this  also  is  anhydrous 
otjde  of  copper,  the  hydrate  snffering  deoomposition,  even  in  contact  -with 
Tuter.  The  oxide  prepared  at  a  high  temperature  is  perfectly  black  and  very 
dense.  Protoxide  of  copper  ia  soluble  in  acids,  and  forma  a  series  of  very 
important  salts,  being  isomorphous  with  mn-gnesia- 

SCBOXiUK  OF  coppsr;  bbd  oxide;  CujO,  —  Tlie  suboxide  may  be  obtMued 
by  heating  in  a  covered  crucible  a  mixture  of  6  parts  cf  black  oxide  and  4 
partB  of  tine  copper-Glings :  or  by  adding  grape-sugar  to  a  solution  of  sulphate 
L^  ospper,  and  then  putting  in  an  excess  of  caustic  potasaa,  the  bine  solution, 
heated  to  ebullition,  is  reduced  by  the  sagar,  and  depoeita  suboxide.  It  often 
tafooTS  in  beaatifully  transparent  ruby-red  crystals,  asHociated  with  other  ores 
of  copper,  and  can  be  obtained  in  this  state  by  artificial  means.  This  aub-« 
Stanoe  forms  colorless  salts  with  acids,  which  are  exceedingly  unstable,  and 
lend  to  absorb  oxygen.  The  suboxide  communicates  to  glass  a  magnifieent 
nd  tint,  while  that  given  by  the  protoxide  ia  green. 

SoLPHATBor  cofpkr;  BLtra  vitbiol;  CuO,SO,-)-5HO. —This  beautiful  aalt 
i»  prepai'ed  by  dissolving  oxide  of  copper  in  sulphuric  acid,  or  at  less  expense, 
by  oxidliing  the  sulphide.  It  forma  large  blue  crystals,  soluble  in  i  parts  of 
cold  and  two  of  boiling  water ;  by  heat  it  is  rendered  anhydroua  and  nearly 
white,  and  by  a  very  high  temperature  decomposed.  Sulphate  of  copper 
cMnbines  with  the  sulphates  of  polsasa  and  of  ammonia,  farming  pale-btne 
>aUa.  which  contain  6  equivalents  of  water,  and  also  with  ammonia,  generating 
%  femarkable  compound  of  deep-blue  color,  capable  of  orystalliiing. 

NiTBATK  o»  COPPBB,  CuO.  NO.-f  3H0.— The  nitrate  is  easily  made  by  dis- 
■olving  the  metHl  in  nitric  acid;  it  forms  deep-blue  crystals,  very  siiluble  and 
deliquescent.      It  is  highly  corrosive.      An  intJoluhle  aubnilrate  is  known;  it 
Is  green.     Nitrate  of  copper  also  combines  with  ammonia. 
^AUOHAiia  01  COPPBB When  carbooate  at  Bod&\B  a^dBlVaeuKSKteii 
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^^^K  Mlation  of  snlphnle  of  onpper,  the  precipitate  is  nt  first  pnla  blue  and  tCM 

^^^B  hot,  but  by  wsrmitiK  itbpCDiiie»  eiLndf.  nnii  ns'iamea  il  green  tint;  in  this  A 

^^H  lit  ooniftiiiB  CuO,CO,-(-CuO.H04-HO.      TliU   eubMniice  is   prepared  fti; 

^^H  pigmint.    The  benuliful  minenil  malachite  hue  n  aimilar  (ionipo>itii>n.  but  r 

^^^1  t&ina   one   eqnivnient  of  water  leee.     Annlher  natural  onmpaand,  not 

^^^1  BrtiGciiiill;  ImitBiled,  occurs  in  large  trnnxpnrcTit  orjstnls  of  the  moat  iah 

^^1  blue;    it   oontBiDS  2(CuO,CO,)-|- CnO.HO.      VrrdtUr,  made    b;  deoompR 

^^^P  Ditmte  of  ooppor  bji  ehslk,  ia  snid,  hoireTer,  lo  bsTe  a  Bomewhat  fdmilar  e 

^^B  Chlokidi  or  COFFER,  CuCl-t-2nO.      The  chloride  ia  raaat  mn\j  _ 

^^H       by  dissolving  the  binck  oiide  in  hydrochloric  acid,  and  concentrating  the 
^^f       solution  thence  resulting.     It  Ibrm9  green  ctyatala,  very  soluble  in  wait 

in  aieobol ;  it  colors  iJie  flame  of  the  Utter  green.  When  gently  hHitfd 
parts  with  its  water  of  crjstalliintion  and  becomes  yellowieb-brown ;  at  a  t 
temperature  it  loses  half  its  chlorine  and  becomes  oonTerled  into  the  I 
ohloride.  The  latter  is  a  white  fusible  Huhatance,  but  little  soluble  in  wa 
and  prone  to  oxidation  j  it  is  formed  Then  cop  per- fill  njts  or  eoppei^leaf 
pnt  into  chlorine  gas.     A  basic  chloride  CnCl-f  3[CaO,  HO)  occurs  In  ntl 


I 
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Absbnite   < 


-This 


I  prepared  by  mix 


The  characters  of  the  protosalta  of  copper  are  well  marked. 

Caustic  potassa  gives  a  pa)e-b1ue  precipitate  of  hydrate,  becoming 
brown  anhydrous  protoiide  on  boiling. 

AmmoDia  also  throws  donn  the  hydrate;  but,  when  in  excess,  ro-diBud 
it,  yielding  an  intense  purplish- blue  solution.' 

Carbonates  of  potassa  and  soda  give  palo-blue  preaipitales. 


afford  black  sulphide 


The  aTloya  of  copper  are  of  great  importanae.  Brats  consista  of 
klloyed  with  from  28  to  84  per  cent,  of  sine ;  the  latter  mny  be  added  dii 
to  the  melted  copper,  or  granulated  copper  mny  be  heated  with  oalsmine 
charcoal-powder,  as  in  the  old  process.  Oun-mttal,  a  moat  trustvorllij: . 
Talaable  alloy,  oonsista  of  BO  parte  copper  and  10  tin.  Bill  and  ipMl 
mttal  contain  a  still  larger  proportion  of  tin  ;  these  are  brittle,  espedaltjl 
last  named,  A  good  bronie  for  statues  is  made  of  St  parts  onpper,  S  pa 
tin,  S  parts  tma,  and  1  port  lead.  The  bran  of  the  ancients  is  on  olio; 
oopper  with  tin. 


This  abundant  and  useful  meta!  is  altogether  obtained  from  the  nnliTB 
phido  01  galena,  no  other  lead-ore  being  found  in  quantity.  The  reHoolioB. 
effected  in  a  rcverheralory  famace,  into  which  the  crushed  lead>ore  is  in 
dnced  and  roasted  for  some  time  at  a  dull  red-heat,  by  which  mnoh  of  the 
ptide  becomes  changed  by  oxidation  to  salphnle.  The  contents  of  the 
oaoe  are  then  thoroughly  mixed,   and   the   temperature  raised,  when 

ililng  ullulBH  and  ngeliMa  1 
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nipliate  nnd  sulphide  react  upoa  aaoh  nthar,  prodacidg  BnlphBTOQS  acid  and 
meuUio  lead.' 

Leiid  U  a  soft  bluiaL  meUl,  poHsassing  VC17  little  elasticity;  its  specific  gra- 
lit;  is  11'45.  It  ma.;  bo  easily  rolled  uut  inia  pluteii,  or  dmird  into  aonrsa 
wire,  but  has  1  very  trifliDg  dep-ree  of  atreagtb.  Lend  malta  at  SOU"  (315°'6C) 
or  a  littla  abuve,  and  Lit  a  white-beat  bolts  and  TQlaliliaes.  By  slow  cooliug 
it  mny  be  oblainsd  in  uctabedral  cryEtnls.  In  moist  air  this  atetal  becomes 
coaled  with  11  film  of  gray  mnttef,  (bought  to  be  suboxide,  and  when  exposed 
bj  llie  atuioaphere  in  n  melted  state  it  rapidly  absorbs  oxygen.  Diluta  acids 
with  the  exception  of  nitric,  act  bnt  slowly  opon  lead.  Chemists  are  familiar 
Willi  four  oxideii  of  lead,  only  one  of  wliioh  po)^el'BHCs  batiic  propertiiis. 
Tiia  equivalent  of  lead  is  103-7 ;  its  symbol  is  Pb. 

Protoxide  ;  lithabok  ;  massicot  ;  PbO.— This  is  the  prcduct  of  the  direct 
oxidation  of  the  metal.  It  is  must  ootiveniently  prepared  by  heating  the  car- 
bounte  to  dull  rednens  ;  common  lUliarge  is  impare  protoxide  which  has  onder- 
Rnae  fusion.  Protoxide  of  lead  has  a  delicate  straw-yellow  color,  is  Tery 
£savy,  and  slightly  soluble  in  water,  giving  an  alkaline  liquid.  Protoxide  of 
lead  is  soluble  in  potaasa ;  from  this  aolotinn  it  crystnlliies  in  rhombic  prisms. 
Jit  a  red-heat  it  melts,  and  tends  to  cryslalliie  on  cooling.  In  a  melted  state 
it  attacVs  and  dissolves  slHceons  matter  with  astonishing  facility,  often  pene- 
trating an  earthen  drucible  in  a  few  minutes.  It  is  aasily  reduced  when 
heated  with  organic  substances  of  any  kind  containing  carbon  or  hydrogen. 
Protoxide  of  lead  forms  a  large  class  of  salts,  which  are  colorieas  if  the  add 
itself  be  uot  colored. 

I;eo  oxide;  bbd-lbad;  PbaOj,  or  2PbO  +  PbO^— The  oomposition  of  this 
Bobstance  is  not  very  constant ;  it  is  prepared  by  exposing  for  a  long  lima  to 
the  air.  at  a  vary  faint  red-heat,  protoxide  of  load  which  baa  not  been  fused; 
It  IB  a  brilliant  red  and  extremely  heavy  powder,  decomposed  with  evolndon 
of  oxygen  by  a  strong  heat,  and  oonverted  into  a  mixture  of  protoxide  and 
binoiide  bj  acids.     It  is  nsed  as  a  cheap  substitute  for  vermilliDn. 

Bmoxiui!  OF  Lkad;  fucb  an.  brown  oxide  ;  PbO^— This  componnd  is  ob^ 
tained  without  difficulty  by  digesting  red-lead  in  diluta  nitric  acid,  whea 
nitrate  of  protoxide  is  dissolved  out,  and  insoluble  biuoiide  left  behind  in  the 
form  of  a  deep-brown  powder.  The  binoxide  is  decomposed  by  a  red  heat, 
yielding  up  one-half  of  its  oxygen.  Hydrochloric  acid  converts  it  into  chlo- 
ride of  lead  with  disengagement  of  chlorine ;  hot  oil  of  vitriol  forms  with  It 
EBlpbat«  of  lead,  and  liberates  oxygen.  The  binoxide  is  veiy  useful  in  aepa* 
rating  aulphurous  auid  from  certain  gaseous  mixtures,  sulphate  of  lead  being 
then  produced. 

ScBoxiDE  OF  LEAD,  Fb,0.— When  oxalate  of  lead  Is  heated  to  dull  redness 
In  a  retort,  a  gray  pulverulent  substance  is  left,  which  is  resolved  by  acids 
into  protoxide  of  lead  and  metal.  It  absorbs  oxygen  with  great  rapidity  when 
heated,  ami  even  when  simply  moistened  with  water  and  exposed  to  the  air. 

NiTBATK  or  LEAD,  PbO,  NOj— The  nitrate  may  be  obtained  by  dissolving 
cnrbouiite  of  lead  in  nitric  acid,  or  by  acting  directly  upon  the  metal  by  the 
lame  agent  with  the  aid  of  heat;  it  is,  as  already  noticed,  a  by-prodnct  in  the 
prepamtion  of  the  binoxide.  It  crystallines  in  anhydrous  oclahedra,  which 
are  naanlly  milk-white  and  opaque ;  it  disaolvea  in  T^  parts  of  cold  water,  and 
is  decomposed  by  heat,  yielding  hypo  nitric  a|jtl,  oxygen,  and  protoxide  of  lead, 
which  obstinately  retains  traces  of  nitrogen.  When  a  solution  of  this  salt  ia 
boiled  with  on  additional  quantity  of  oxide  of  lead,  a  portion  of  the  latter  ii  di»- 
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■oWtd,  »nd  ft  bulla  nitnle  g:»DerBted.  which  may  be  hsd  in  crTstnh.  Cu^ 
bonic  acid  wpurreles  tliie  excena  of  oxide  in  Ite  form  of  u  wLile  coBiponodJ 
oitrboDBte  aud  hydrate  of  lend.  , 

Neutral  nnd  bneic  compuundB  of  niide  of  lend  vilh  nitron?.  Hnd  the  elraDenli' 
bt  hyponitric  acid,  bare  been  deecribcd.     These  last  are  probabljr  formedtjj 
'   ■*  I  ci.mbinalion  of  »  nitrite  with  a  oilrale. 

:*BB6NATB  OF  WA»;  wmTH-LEAD ;  PbO,  CO^— Cnrboiintc  of  lead  ii  WIT 

I  iHmcB  fonnd  beaailfallr  cry B lull i led  in  long  while  needles,  nccmpiiiiyiiig  olL^^ 

I  Kelolllc  OTCB.     It  iDBT  be  prepared  tfniticiall;  bj  precipitating  in  tbe  oMi 

[   anlutionofthenitrate  or  acetate  bjan  BlkalineCBrhonste:  when  Ihp  lead.  (0 

ia  boiling,  tbs  precipitate  is  a  basic  salt  containing  2  (PhO,  C0,(." 

;  it  IB  also  manufnc lured  la  an  immense  extent  b;  other  mean*  U 

nsc  of  tbe  painter.     Pare  carbnnale  of  lead  la  a  BofI,  ichite  powder,  of 

■pecifle  graiitf,  insoluble  in  water,  but  eaail;  disaolved  by  dilute  nio 

Of  the  many  mothoda  put  in  praotice,  or  proposed,  for  ranking  while-lia^ 
tbe  two  following  are  llie  most  important  and  inlerCBting : — (toe  of  these  ai "" 
rials  in  farming  a  basic  citrate  or  acetate  of  lend  by  bailing  finely-pawdH 
lithni^e  with  the  neutral  salt.  This  Bolnlion  is  then  brought  into  oontRotlF 
oarbonio  acid  gae:  all  the  excess  of  oiide  previously  taken  ap  bj  the  Bint 
•alt  is  at  onoe  precipitated  as  white>1eaU.  The  Halation  Ptrained  or  prM 
from  the  latter  ia  again  boiled  with  litharge,  nnd  treated  with  earbonioa^ 
these  processes  being  Husceplihle  af  indofinile  repetition,  when  the  Utile  I 
of  neutral  salt  left  in  the  precipitates  is  compensated.  Tbe  second,  and 
far  the  more  ancient  niEtbad,  is  rather  nmre  complex,  and  at  first  sight  { 
lery  intelligible.  A  great  number  of  earthen  Jars  are  prepared,  into  euk 
which  is  poured  a  few  ounces  of  crude  vinegnr;  a  roll  of  sheet-lead  in  ll 
introduced  in  such  a  manner  tbat  it  shal!  neither  toncb  the  vinegar  norp 
Ject  aboTc  the  top  of  the  Jar,  The  Tessela  are  next  arranged  in  a  larao  tan 
ing,  side  by  side,  upon  a.  layer  of  stable  munnre,  or.  still  better, 
and  closely  cOTered  with  boards.  A  second  layer  of  tan  is  spread  upon  A 
'  top  of  the  latter,  and  then  a  second  series  of  pots;  these  are  in  tnm  coTmi 
with  hoards  and  decompoBing  bark,  and  in  this  manner  n  pile  of  many  a 
natioDB  ia  constructed.  After  the  lapse  of  n  considerable  time  the  pile  is  b 
down  and  the  sbeets  of  lead  removed  nnd  carefully  unrolled ;  they  are 
found  to  be  in  great  part  converted  into  carbonate,  which  merely  reqi ._ 
washing  and  grinding  to  be  fit  for  nae.  The  nature  of  this  cnrions  prooeBi' 
generally  eipliined  by  supposing  the  Tspor  of  rinegar  raised  by  tbe  61" 
temperature  of  the  fermenting  matter  merely  to  not  as  a  carrier  between  I 
carbonic  acid  evolved  from  the  Inn,  and  the  oxide  of  lead  formed  underl 
influence  of  the  acid  vapor:  a  neutral  acetate,  a  basic  acetate,  and  a  oni 
being  produced  in  snccession,  the  action  gradually  Iraveliing  from  the  mrt 
inwards.  The  quantity  of  acetic  acid  used  is,  in  relation  to  the  lead,  qi 
trifiing,  and  cannot  directly  contribute  to  the  production  of  the  carbonate. 
preference  ia  still  given  to  the  product  of  this  old  mode  of  mnnufactore  na 
eonnt  of  its  BuperioHty  of  opacity,  or  body,  aver  tbnl  oblninod  by  precipitnliot 
Commercial  while-lead,  however  prepared,  always  oontnins  a  certain  pT9p<* 
tioD  of  hydrate.  It  ia  sometimes  adulterated  by  sulphate  of  haryti 
When  clean  metallic  lead  is  put  into  pure  water  and  exposed  le 
aphere,  a  white  crystalline,  scaly  powder  begins  to  show  itEcif  in  a  few  lioiini 
and  terj  rnpidly  increases  in  qnnnlily.  This  subBtsnoe  may  consist  of  I'j' 
drnted  protoxide  of  lead,  formed  by  the  notion  of  the  oxygen  disenlved  id  IW 
water  upon  the  lead.  II  is  slightly  soluble,  and  mny  be  readily  deteetri  !> 
the  water.  In  most  cases,  however,  the  formation  of  this  ifeposil  is  doe  «>*• 
-"in  of  the  cnrbonio  acid  dissolved  in  the  wnter;  it  coDsists  of  carboiiiwi' 
h  hydrate,  and  ia  very  insoluble  in  water.  When  oo: 
^  is  substituted  for  the  pure  liquid,  this  effect  ia  less 


LEAD.  299 

;tle  sulphate,  almost  inyariably  present,  causiiig  the  deposition  of  a  very 
jnt  closely  adherent  film  of  sulphate  of  lead  upon  the  surface  of  the 
,  which  protects  it  from  farther  action.  It  is  on  this  account  that  leaden 
Q8  are  used  with  impunity  at  least  in  most  cases,  for  holding  water;  if 
itter  were  quite  pure,  it  would  be  speedily  contaminated  with  lead,  and 
stern  be  soon  destroyed.  Natural  water  highly  charged  with  carbonic 
an  not.  under  any  circumstances,  be  kept  in  lead  or  passed  through  leaden 
with  safety ;  the  carbonate,  though  very  insoluble  in  pure  water,  being 
ly  soluble  in  water  containing  carbonic  acid. 

CORIDE  OP  LEAD,  PbCl. — This  Salt  is  prepared  by  mixing  strong  solutions 
•tate  of  lead  and  chloride  of  sodium ;  or  by  dissolving  litharge  in  boiling 
hydrochloric  acid,  and  setting  aside  the  filtered  solution  to  cool.  Ohio- 
•f  lead  crystallizes  in  brilliant,  colorless  needles,  which  require  135  parts 
d  water  for  solution.  It  is  anhydrous ;  it  melts  when  heated,  and  solidi- 
1  cooling  to  a  horn-like  substance. 

>IDB  OF  LEAD,  Pbl. — The  iodide  of  lead  separates  as  a  brilliant  yellow 
3itate  when  a  soluble  salt  of  lead  is  mixed  with  iodide  of  potassium. 
Bompound  dissolves  in  boiling  water,  yielding  a  colorless  solution,  which 
its  the  iodide  on  cooling  in  splendid  golden-yellow  scales. 


3  soluble  salts  of  lead  thus  behave  with  reagents: — 

istic  potassa  and  soda  precipitate  a  white  hydrate  freely  soluble  in 

s. 

tmonia  gives  a  similar  white  precipitate,  not  soluble  in  excess.^ 

e  carbonates  of  potassa,  soda,  and  ammonia,  precipitate  carbonate  of  lead, 

ible  in  excess. 

pburic  acid  or  a  sulphate  causes  a  white  precipitate  of  sulphate  of  lead, 

ible  in  nitric  acid. 

iphuretted  hydrogen  and  sulphide  of  ammonium  throw  down  black  sul< 

I  of  lead. 


alloy  of  2  parts  of  lead  and  1  of  tin  constitutes  plumber's  solder;  these 
>rtions  reversed  give  a  more  fusible  compound  called  fine  solder.  The 
employed  in  the  manufacture  of  shot  is  combined  with  a  little  arsenio. 

1  Amaionta  gives  no  immediate  predpitate  with  the  acetate. 


SECTION    V. 


a  in  the  Btale  of  oiide.  and  more  mrely  U  ■ 
es  nro  thoee  of  the  Erif;cbLrge  in  Suiddj  1 
eflpeoially  Cornwnll.  In  Ourn.ttll  the  tin-eli 
t  or  meUil-benring  veinn,  associKted  with  Mppcr  t 
in  granite  and  alate-rocfaai  anil  as  on  ulliivial  ctepoHit.  niiied  with  rout' 
pebbles,  in  the  beds  of  Bflversl  small  rivara.  The  first  Tariaty  is  raillsd  in 
■□d  the  ee«ODd  tlriam-tin.  Oxide  of  tia  is  also  fouud  disiieminBted  ti 
the  Toak  itself  in  Bmnll  crystals. 

Ta  prepare  the  ore  for  reduction,  it  ie  stamped  to  ponder,  washed,  toM 
rate  ns  muah  as  possible  of  the  enrthy  nint1«r,  and  roaeled  to  expel  ralpl 
■nd  arsenie;  it  is  then  strongly  heated  with  coal,  and  the  nietal  tbns  obM 
east  into  Inrge  bloclis,  which,  after  being  assnyed,  receiTC  the  Btitnip  of 
Snahy.  Two  varieties  of  commercial  tin  are  iinawn,  called  ^rain-  and  ip 
the  first  is  the  bast ;  it  ia  prepnred  from  the  stream  ore. 

Pure  till  Las  a  wliite  color,  approacliing  to  that  of  silver,-  it  ia  ooftl 
milleablc,  and  when  bent  or  twisted  emits  a  peculiar  crackling  aoWDd.).  If 
a  density  of  T'S  and  melts  at  442°  (22T°'TTC).  Tin  is  hut  liitla  netat'i 
by  air  and  water,  eieu  conjointly;  when  heated  ubore  its  uieltingi 
oxidlzi^s  rapidly,  becoming  converted  into  a  whitish  powder,  nsed  in  I 
for  pulisbing  under  the  name  of  pHtiy-potcder.  The  metal  ia  easily  a 
and  dissolved  by  hydrochloric  acid,  with  evolntion  of  hydrogen:  nHrit'l 
KOta  with  great  energy,  converting  it  into  a  white  hydrate  of  (he  biMD 
,  There  lire  two  well-marked  oxidaa  of  tin,  which  act  as  feeble  bases  otM 
ftooarding  to  circumstances,  and  a  third,  which  has  been  less  atudii^'    - 

The  equivalent  of  lin  is  58;  its  symbol  ia  Sn. 

pBCrioxinK  or  tin,  SnO.  — When  solution  of  protochloride  of  tin  ists 
with  carbonate  of  potaasa,  a  white  hydrate  of  the  protoxide  falls,  the  eait 
acid  being  at  the  same  time  espelled.  When  this  is  carefolly  washed,  di 
and  healed  in  an  atmosphere  of  carbonic  acid,  it  loses  water,  and  cbugi 
a  dense  blnok  powder,  wliich  is  permanent  in  the  air,  but  takes  fire  (■ 
approach  of  a  red-hot  body,  and  burns  like  liuder,  producing  binoside. 
may  be  obtained  in  a  aCnle  of  great  division  by  heating  oxalate  of  tin  la-n 
tact  with  the  nlr.  The  hydrate  is  freely  solnble  in  eaustic  polaBsa;  th»(*^ 
lion  decomposes  by  keeping  into  metallio  tin  and  biuoiide 

SEsqDiOEruE  or  Tin,  SU|()..  ^  The  seequioiide  is  produced  by  the  Mil 

of  hydrated  eesquioxide  of  iron  upon  proiocliloride  of  tin ;  it  ia  a  grajis 

. '(limy  substEV  ice,  soluble  in  hydrochloric  ncid,  and  in  nmuiouia.      This  Oii' 

IB  been  but  little  examined. 


SOI 

IN,  SnOp — This  subBtBEOo  ie  oblainad  in  two  diffcrant 
Btates,  hiLving  proporties  altogether  diesimilur,  Whon  biubloride  of  tin  is  pre- 
cipilntcd  by  an  alkali,  a  white  bulky  hydrate  appears,  which  is  freely  aoluble 
in  acid^  ir,  on  the  other  hand,  the  bichloride  be  boiled  with  excHES  of  nitrio 
■cid,  or  if  tbat  ncli  he  made  tn  act  directly  □□  metnllic  tin.  a  white  Hubatance 
is  produced,  wliieh  refuses  altogether  to  disaolre  ii 
"  adiffarin;    '        '  -..-.. 


pertiea  diffarijDg  in  othi 


n  those  of  the  firut  modiBcation.  Both 
33  of  binoiide  of  tin  haTe  the  same  composition,  and  when  ignited, 
Wts  tha  pure  binoxida  of  fi  pale  lemoa-yellow  tint.  Both  dissolTe  in  caustio 
alkali,  and  are  precipitated  with  anchanged  propertief  by  an  acid.  The  two 
bjdratEB  raddsu  litmua-paper.' 

PaoTOcaLnBiUB  OF  TIN,  8nCl.  —  The  protoohloride  ia  easily  rand e  by  dis- 
■oliing  metiillic  tin  in  hot  hydrochloric  acid.  It  cryBtallizcs  in  needles  con- 
taining 2  equivalents  of  water,  which  are  fraely  aolnble  in  a  Email  qaantity 
of  water,  but  are  apt  to  be  decomposed  in  part  when  put  into  a  large  ma.BS, 
onleBB  hydrochloric  acid  in  excess  be  present.  The  anhydrons  ohlaride  may 
be  obtained  by  distilling  a  mixture  of  calomel  and  powdered  tin,  prepared  by 
agitating  the  melted  metal  in  a  wooden  box  until  it  solidifies.  The  chloride 
is  a  gray,  resinous-looking  snbatance,  fusible  below  redness,  and  yointile  at  a 
U^  temperature.  Solution  of  protochloride  of  tin  is  employed  as  a,  deoxidiz- 
tng  agent;  it  redacea  the  sails  of  mercary  and  other  metals  of  the  same  class. 
'  BtOHLOKiDE,  OB  FRBDHi.oitlDK  OP  TIN,  SnCI,.  —  Tbis  IS  an  old  and  very 
onrioQa  oompound.  formerly  called /uminjr  liquor  of  Libaniiu.  It  is  made  by 
Kpoung  metallic  tin  to  the  action  of  chlorine,  or,  more  conveniently,  b;  dia- 
miing  a  mixture  of  1  part  of  powdered  tin,  and  5  parts  of  corrosive  subli- 
inate-  The  biohbride  is  a  thin,  colorless,  mobile  liquid;  it  boils  at  2iW 
(120^).  and  yields  a  colorless  invisible  vapor.  It  fumes  in  the  air,  and  when 
mizad  with  a  third  part  of  water,  sohdifies  to  a  crystalline  mass.  The  solu- 
tion of  bichloride  is  much  employed  by  the  dyer  as  a  mordant ;  it  is  commonly 
prepared  by  dissolving  metalllo  tiu  in  a  mixture  of  hydrochloric  aod  nitric 
Mnds.  care  being  taken  to  avoid  too  great  elevation  of  temperature. 

Sm-paiiiKs  or  tin.  —  Protatulpkide,  SnS,  ia  prepared  by  fusing  tin  with 
eiceas  of  saiphur,  and  strongly  heating  the  product.  It  is  a  lead-gray,  brittle 
■abalauoe,  futible  at  a  red-heat,  and  soluble  with  evolution  of  sulphuretted 
hydrogen  in  hot  hydrochloric  acid.  A  auquiau'phide  may  be  formed  by  gently 
heating  the  above  compound  with  a  third  of  its  weight  of  sulphur  :  it  is  yel- 
lowiab-gray,  and  easily  decomposed  by  heat.  Siiulphide,  SnS^  or  Mosaic  gold, 
ia  prepared  by  exposing  to  a  low  red-heat,  in  a  glass  flask,  a  mixtnre  of  iZ 

Kof  tin,  6  of  mercury,  6  of  sal-ammoniac,  and  T  of  flowers  of  sulphur, 
romoniaoi  cinnabar,  and  protochloride   of  tin   sublime,  while  the  bisnl- 
pbida  remains  at  tlie  bottom  of  the  vessel  in  the  form  of  brilliant  gold-colored 
Kalea;  it  is  used  as  a  substitute  for  gold-powder. 
Salts  of  tin  are  thus  distinguished :  — 


ecipitate  of  protosulphide 


r 

I 
» 


TUNOerEM. 


alknli 


a  bydra 


luble  in 


Aniiuoiiia:  wbite  liydroU,  slightly  boIuUc  ill  excets. 
Alkuliue  GurljaiiateB :  wbitQ  lij'drBtet,  aligbllj  soluble  m  exoMi. 
CHrbonate  of  uminoiim;  wliile  bydrale,  iiisolubie. 
SulphureKeit  bydrngon  ;  yellow  precipitaM  of  sulphide. 
Salpbid«  of  anunoaium ;  tbe  eame,  soluble  in  ezoeaa. 

Terehloride  of  gold,  added  to  n  diluta  solution  of  protochlorido  of  tin, 
riae  to  a  browniab-purple  prfcipitate,  called  piirpli  of  Caaeiat,  yaiy  ek 
terisUe,  the  nataro  of  which  is  not  Ihoroogblj  understund  ;  it  is  Huppoi«d 
be  a  ODinbination  of  oxide  of  gold  and  sesijuioiide  of  tiu,  in  which  the  *    ' 
aclB  as  an  acid.    Heat  resolves  it  into  a  mlxturo  uf  metallic  gold  and  bii 
of  tin.     Purple  of  CubbIus  is  employed  in  eaumel-piiinling,  aod  Id  sti 


The  UBoful  applications  of  tin  are  very  nnmerons.     Tinned-plate  ct 
of  iron  auperficislly  alloycil  nitii   this  metal :  j/rulir,    <iC  [he    best  kind, 
ehiefl;  tin,  hardened  by  the  ndniitture  of  a  little  aulimotiy,  &c.     Cool' 
vessels  of  copper  are  uaiiully  tinned  in  the  interior. 


.M). 


Taugston  is  fmiitd,  as  tungatate  of  protoxide  of  iron,  in  the  miDernl 
tolerably  abundant  iu  Cornwall ;  a  natiie  tungatate  of  Ume  is  also  ooewiiaiu 
met  with.  Metallic  tungsten  is  obtained  in  the  stnte  of  s.  dark-gray  pom 
by  strongly  heating  tungstio  acid  in  a  strenni  of  hydrogen,  Sut  reqtiire» 
fusion  nn  exceedingly  high  lomperature.  It  ia  a  white  metal,  Tery  hardl 
brittle  :  it  baa  a  density  of  IT-4.  Heated  to  redness  in  the  sir,  it  tallH  1 
and  reproduces  tungatio  acid. 

The  equivalent  of  Inngslen  is  93,  its  symbol  is  W  ^wolframium). 

BiNoaiDE  o»  TUMQSTEji,  WO,.  —  ThiB  IB  niost  easily  prepared  by  eipoc 
tnngstic  acid  to  hydrogen,  at  a  tempemturG  which  does  not  exceed  doU  t 
oesa.  It  is  a  brown  powder,  sometimes  ssauminR  a  cryatallina  appean 
and  an  imperfect  metallic  lustre  It  takeij  hre  wheu  beatvd  in  the  ^r,  I 
buras,  like  the  metal  itself,  to  tungatic  acid.  The  binoxide  forma  no  B 
with  acids. 

Tdnqstio  AoiD.  WOf  —  When  tungatate  of  lime  can  be  obtMned,  sin 
digestion  in  hot  nicria  acid  is  sufficient  to  remove  the  base,  and  liberate 
tungstic  acid  in  a,  slate  of  tolerable  purity ;  its  extraction  from  wolft«ni,  ni 
oontttios  tungatic  acid  or  oxide  of  tungsten  in  association  with  the  Diidet, 
iron  and  maiiganeso,  ia  more  difficult.  Tung3tiu  acid  is  a  yellow  powdw,, 
soluble  in  water,  and  freely  diesolred  by  caustio  alkalies.  When  alrOB 
^nitcd  in  the  open  air,  i1  assumes  a  greenish  lint. 

ISTKBMEtHATK  OB  BLUK  OIIHB  01   TUBOBTEN,  W,0^=W0„WOy— TUs  ■ 

■tancD  ia  obtained  by  beating  tungatate  of  ammonia,  or  by  exposing  tlia  brd 
binoxide  to  the  action  of  hydrogen  at  n  very  low  temperature.  Tti*  SL 
aompoutid  appears  to  be  produced  if  tungstic  acid  be  aeparated  from  Stv'j 
its  salt;,  by  hydrochloric  said,  and  the  liijnid  be  digested  with  metallia  in 
trhen  Ihe  solution  or  the  precipitate  assumes  a  beautiful  blue  color,  niitb 
very  characteristic  of  this  metal 
~   0  chlorides  and  two  sulphides  of  tungsten  are  known  to  exia 


MOLYBDENUM.- 


Mstollic  moljbdenoiii  in  nbtniiied  by  txpuatiig  molybdio  aoid  iti  p  cliarooal- 
lined  crucible  to  tbe  mcist  inteuae  lii^at  tlint  can  be  obCnined.  It  is  iv  white, 
brittle,  nod  exceed ingl;-iii fusible  metul,  huTJng  b  density  of  8-6,  ncd  oxidia- 
lug,  vben  heated  m  the  air,  t.n  molybdle  Rcii]. 

The  equivalBJit  ot  molybdenam  U  40;  ila  symbol  is  Mo. 

Fbotoxidk  oi  HOLTBDUKHH,  MoO. ^-Molybdrtts  of  pulasEOi  is  mixed  with 
excesa  of  hydrDcblorio  acid,  by  nbieh  the  molybdic  acid  Rrat  precipitated  is 
ndisaoWcd ;  into  Ibis  ncid  Eolutioo  lino  is  put :  a  mixture  of  cblaiide  of  tino 
Uid  protochloride  of  molybdenum  roBulta.  A  large  qmuitity  of  oauBllo  potSBsa 
{s  (hen  added,  irhieh  precipitutes  a  block  hydrrtte  of  tbs  protoildo  of  molyb- 
demun,  and  retaina  in  solution  the  oiide  of  zinc.  The  fresh ly-preeipitated 
protoxide  ia  soluble  in  selds  and  in  cnrbonnte  of  ammoma ;  when  heated  in 
die  ^,  it  burns  tO  binoiide. 

BiNoxiDE  OF  HOLYBDEHUH,  MuOj. — Thls  13  Obtained  in  (he  anhydroua 
oondilion  by  heating  aiolybdnte  of  soda  with  sal-ammoniac,  tbe  inoljbdio  acid 
being  Tcdnced  to  binoxidc  by  the  hydrogen  of  the  ammoniacal  salt ;  or,  in  a 
leydcsted  condition,  by  digesting  melalljc  copper  in  a  solution  of  molybdic  noid 
la  hjdrocblorie  noid.  until  the  liquid  nssatnes  a  red  color,  and  tben  adding  a 
tapge  eicesfl  of  ammonia.  The  anhydrous  binoiide  is  deep  broWo,  and 
insoluble  in  soida;  the  hydrate  ^e!^eLubles  bydmte  of  aesqnioxide  of  iron,  and 
(UbsoItbs  in  acids,  yielding  red  soluljons.  It  is  converted  into  molybdic  acid 
by  strong  nitric  acid. 

MOLTBDIO  AOID,  MoO,.  —  The  native  bisulphide  of  molybdenam  ia  roasted, 
At  B  red-bent,  in  an  open  vesaol.  and  the  impure  molybdic  ncid  thence  resulting 
disBolTcd  in  ammonia.  The  filtered  solution  ia  evaporated  to  dryness,  the  salt 
taken  np  by  water,  and  pui'ified  by  oryBtftlUmtion.  It  is,  laBtly,  decomposed 
hj  heat,  and  the  ammoula  expelled.  Molybdic  ncid  is  a  white  cryalalline 
powder,  fusible  at  a  red-hefti,  and  slightly  aolnhle  in  water.  It  ia  dissolved 
with  ease  by  llitr  alkalies.  It  forms  two  series  of  salts,  namely,  neutral 
molybdtttea,  MO,MriOj,  and  acid  molybdates,  M0.2MoO,.  A  solution  of 
moljbdnte  of  ammonia  in  an  excepa  of  nitric  acid  forms  a  valuable  reagent  for 
phosphoric  acid,  willi  which  it  gives  a  beautiful  yellow-preEipitate,  phuepho- 
molybdate  of  ammonia.  Throe  chlorides,  and  as  many  siilphides  of  molybde- 
una,  are  deacribed. 


Vanadium  is  fonnd,  in  sninll  quantity,  in  some  iron  orea,  and  also  al 
Mnsdifc  of  lead.  It  has  also  boeu  discovered  in  the  iron  slag  of  Staffordshire 
The  most  Boccessfnl  process  for  obtaining  the  metal  is  said  to  be  the  follow- 
tli^:  —  The  llqidd  chloride  of  vanadinm  is  introduced  into  a  bulb  blown  in  a 
f^aa  tube,  and  dry  ammoniacal  gas  passed  over  it;  the  latter  is  abaorbed, 
Ud  a  white  saline  moas  produced.  When  this  is  heated  by  tbe  fiame  of  a 
qilrit-lamp,  chloride  of  ammonium  is  vcktiliied,  and  metallio  vaimdium  left 
whiod.  It  ia  a  white  brittle  substance,  of  perfect  metallic  lustre,  and  a  very 
Iqgh  degree  of  tafusibility ;  it  ia  neitber  oxidized  by  air  nor  water,  nor 
attacked  by  sulphuric,  bydrochlorio,  uor  even  hydrofluorio  acid;  eqna  regia 
IlinnlveB  it,  yielding  a  deep-blae  solution. 

Tbo  equivalent  of  vanadium  is  68-6;  its  symbol  ia  Y. 

Pbotoxidk  or  TAltADliru,  VU.  —  This  ia  prepared  by  heating  vanadic  acid 
hi  oontact  with  charcoal  or  hydrogen;  it  has  a  btuck  oolor  and  imperfect 
nethllio  lustre,  conducts  electricity,  and  ia  very  infusible.  Heated  in  tbe  air. 
Hbuma  til  binoxiiie  Nitric  ncid  produces  the  sanie  effect,  a  blue  nitrate  of 
xide  being  generated.      It  doe 
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filled  iritli  cmrbonio  Boid  gns:  or  b;  adding  a  slight  pxcesa  of  Mo^iuts  it 
■odn  to  ■  salt  of  the  binoiide;  in  llie  latier  cnse  it  fuila  ob  n  grajiah-wliiW 
hjdrala,  reodlly  becoming  brown  bj  abeorpUou  of  oxygen.  Tbc  anhjdrau 
Olide  is  •*  black  insoluble  ponder,  convorlible  by  bcnC  nnd  air  into  lanitio 
•cid.  It  rornm  a  sories  of  blue  gbIIb,  vbiob  bate  a  teudrncj^  to  beeome  gTMA, 
ud  uUittnlelj  red,  b;  tho  produution  of  vanadic  acid.  Biuoxide  of  TauiUiai 
kiso  unites  nitb  alkalies. 

Tahiiiio  AOm,  VO,. — The  native -vanadate  of  lead  is  dit^Bolved  in  nitrioaM 
and  the  luad  and  arsenio  precipitated  b;  sulphuretted  hydrogen,  vbioh  at  Ae 
iHiae  time  reduces  the  tanadio  acid  to  binoiide  uf  'vanadium.  The  blue  filt«nd 
•olulion  is  then  evaporated  to  dryness,  and  iJie  reeiiiuc  digested  in  Bntuaria, 
whiob  dJBSolvee  out  the  vauodic  acid  reproduced  during  evaporatioii.  In  tllil 
solution  a  lump  of  sal-ammoniac  Is  put:  as  that  salt  dissoliei,  v&nadile  Af 
Bmmonia  subKides  as  a  vhite  powder,  being  scarcely  soluble  in  a  Mtonled 
■olutiun  of  chloride  of  amniQninin.  By  exposure  lo  a  tenperatare  bdair 
redness  in  an  open  crucible,  the  ammonia  is  eipelled,  and  vanadio  add  ML 
It  btu  a  dork-red  color,  and  melts  even  below  a  led-heat ;  water  diBsolTM  U 
sparingly,  and  acids  wi^  greater  ease  :  the  solutions  easily  suffer  deoxtditioD. 
It  unites  with  baBes,  forming  a  serieB  of  red  or  yellow  Ealts,  of  wMch  ihdit 
of  the  alkalies  are  soluble  in  water. 

ChlosidbS  of  VANSmuM.  —  The  bichloride  is  prapared  by  digesting  Tiliafic 
acid  in  bydrocblorio  aoid,  passing  a  stream  of  sulphuretted  hydrogen,  and 
evaporating  the  whole  to  dryness.  A  brown  residue  is  left,  which  yields  ■ 
blue  solution  with  wator  and  an  insolublo  oxicbloride.  The  ttrthloridi  a  t 
yellow  liquid  obtnineil  by  passing  chlorine  over  a  miiture  of  protoiida  of 
Tanadium  and  cbarcoaL  It  is  converted  by  water  into  bydrochlerid  wd 
Tanadio  acida. 

Two  sulphides,  correspoiiding  to  tlie  ohlorides,  exist. 

TAKIAXIUU    (COLDMBIUh]. 

This  is  an  exceedingly  rare  substance ;  it  is  fonsd  in  the  miucnklB  (ontdiM 
Knd  ytiro-latitaliU,  occorring  in  Sweden  and  Finland,  and  may  be  obUSvti 
pore  by  heating  with  potatisium  the  double  Suoride  of  tantalium  and  poll» 
aium.  It  is  a  gray  metal,  but  littlo  acted  on  by  the  ordinary  acids,  and  tnitil- 
ing  to  tantolic  ncid  when  heated  in  the  air,  or  when  I'nacd  with  hydrate  gf 

The  eqaivalent  of  tantalium  is  184  ;   its  symbol  is  Tn. 

BiNOXiOE  or  TASTALiuM,  TO,.  —  Wbcn  tantalio  acid  is  heated  to  whit«ncsi 
in  B  cruciblo  lined  with  charcoal,  the  greater  part  is  converted  into  tliis  aob- 
atanoe.  It  is  a  dark-brown  ponder,  ioeolnble  in  aoids,  and  easily  changed  by 
oxidation  to  tantalio  acid. 

Tantalio  aoid,  TO^.  —  The  powdered  mineral  is  fused  with  three  or  Aw 
times  its  weight  of  carbonate  of  potassa,  and  the  product  digested  witb  vlUTl 
from  this  solution  aoids  precipitate  a  white  hydrate  of  tiie  body  in  queidOB. 
It  is  solnble  in  acids,  but  forms  with  them  no  definite  cumpounds;  ril^ 
alkalies  it  yields,  on  the  contrary,  arystallizuble  salts.  The  specific  graii^ 
Of  the  acid  varies  from  T-OS  to  8'2G. 

Chloride  of  Tantalium.  —  Tantalio  acid  in  a  glass  tube  is  mixed  witb 
and  burnt,  then  heated  to  redness  in  a  ourrent  of  dry  carbonic  aoid  gM] 
eold,  chlorine  is  pusi^ed  over  it  and  heated.     Chloride  of  tantalium 
of  a  yellow  color  when  pure. 
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irilh  dry  ixurdersd  charcoal,  and  heatol  to  TcduesB  in  a  current  of  chlorina 
gas,  a  aublimala  is  oblained,  of  a,  jcllow,  randilj-fusible,  Hnil  Tery  volatile 
gubaluDce,  tbe  chloride  of  jielopivm,  nnd  a  w1iit«,  infusible,  less  volnCile  body, 
the  ohiorida  of  ntoini™.  The  true  chldride  of  taLtalinm,  from  the  Finlaad 
tanlalit«,  much  maeiubleB  chloride  of  petopinm.  The  Amerioan  tantalite 
ooDtains  niobio,  pelopic,  and  tuogstic  aoids,  the  former  in  greatest  qaantlty. 

All  thoHB  cbloridBa  are  deoompoaed  by  water,  with  prodnolion  of  hydro- 
dtlorio  acid  and  the  inaoluble  aoids  of  the  metals  in  the  hydrated  state.  In 
properties  these  bodies  grently  reaeinble  each  other.  When  heated  to  redness, 
tjiey  Giliibit  strongly  the  pheDotut<non  of  in  candescence,  While  hot,  tantalia 
said  remains  white,  pelopic  acid  ia  rendered  slightly  yellowish,  and  baa  a 
«peaifio  gravity  varying  from  6'7Q  to  ti-ST,  and  niobio  acid  becomes  dark 
yellow,  witli  a  speciBo  gravity  between  4'66  and  5-26. 

Taiitaliuni,  niobium,  and  pelopium  mny  be  obtained  in  a  finely-divided 
metallic  state  by  tho  action  of  ammonia  on  their  reapeotive  ohlarides  at  a 
high  temperatore.  So  prepared,  tbey  are  black,  pulTenilent,  not  acted  on  by 
wat«r.  but  burning,  when  heated  in  the  air,  to  acida. 

According  to  the  latest  researches  of  H.  Rose,  who  has  been  chiefly  engaged 
in  tjie  examinatioii  of  tbeae  bodiea,  the  existenoe  of  pelopium  la  very  doubtful. 


Crystalliied  titanic  aoid  is  found  in  nature  in  the  form  of  nitile,  braakiit, 
and  aaataae.  Occasionally  in  the  alng  adherent  to  the  bottom  of  blast-furnaces 
in  which  iron  ore  is  reduced,  small  brilliant  copper- cola  red  cabea,  bard 
enough  to  scratch  glass,  and  in  the  highest  degree  infnaible,  are  found.  This 
substance,  of  which  a  single  smelling  fnmace  in  the  Hard  produced  as  much 
as  80  ponnds.  was  formerly  believed  to  be  metallic  titaninm.  Recent  reaenrches 
of  WSbler,  however,  have  ahown  it  to  be  a  combination  of  cyanide  of  titanium, 
with  nitride  of  titanium.  When  tlicee  crystals  are  pondered,  mixed  with 
hydrate  of  potassa  and  fused,  ammonia  is  evolved,  and  titnnate  of  potassa  is 
fbrmed.  MetaUic  titaniaoi  in  a  finely-divided  state  may  be  oblnined  by  heat- 
ing Baoride  of  titaninm  and  potassium  with  polnssinm.  This  element  is 
remarkable  for  its  atfinity  for  nitrogen;  when  heated  in  the  air,  it  simulta- 
neously absorbs  oxygen  and  nitrogen.  There  are  two  componnds  of  this 
substance  with  oxygen;  viz.,  an  oxide  and  an  acid;  very  little  is  known 
respecting  the  former. 

The  equivalent  of  titanium  is  25  ;  ita  aymbol  is  TL 

Titanic  acib,  TiO^,  — Rutile,  or  titaniferoua  iron  ore,  is  redoced  to  Ena 
powder,  and  fused  with  twice  its  weight  of  carbonate  of  polussa,  powdered, 
dissolved  in  dilute  hydrofluoric  acid,  when  titano^-flnoride  of  titanium  and 
potsssiom  soon  begins  to  separate.  From  its  hot  aqueous  solution  snow-like 
tit«nat«  of  ammonia  is  precipitated  by  ammonia,  which  is  easily  soluble  in 
hydrooblorio  acid,  and  when  ignited  gives  pure  titanic  acid.  When  pure  the 
uid  ia  quite  white  :  it  is,  when  recently  precipitated  tWim  solutions,  soluble 
in  koids,  but  the  solutions  are  decomposed  by  mere  boiling.  After  ignition  it 
b  no  longer  soluble,  passing  over  into  metatilanic  acid.  Titanic  acid,  on  the 
Irhole,  Tery  much  resembles  silica,  and  is  probably  often  overlooked  and 
nonfouDded  with  that  substance  in  analytical  reaearches, 

BiCRLOBiDE  o?  TiTANiBM.  — This  IB  a  oolorlcss,  volatile  liquid,  reaembling 
bichloride  of  tin ;  it  is  obtained  by  passing  chlorine  over  a  mixture  of  titanic 
acid  and  charcoal  at  a  high  temperature.  It  unites  very  violently  with  water. 
On  passing  the  vapor  with  hydrogen  through  a  red-hot  tube,  hjdroohlorio 
hnd  and  a  new  compound  Ti,Ct|  are  formed. 
26* 
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This  important  toetaJ  IB  taand  chieHj  in  the  state  of  sulphide.     Tig  oi 
fNed  1i;  foBion  from  earth]>  impuriiies,  and  ia  Bftenrards  deeompoBed  1 
healing  with  metallio  iron  or  carbonate  of  potaaaa,  which  retain  the  ialtdr^ 
Antimonj  b«,a  a,  blaiah-white  color  and  itroDg  loBtre ;  it  is  extreme!;  brK 
being  reduced  to  powder  with  the  utmost  eiite.     Its  specific  gravitj-  is  O-Sj  j 
melts  Bt  a  telupomlure  juBt  short  of  redness,  and  boi!8  and  ToIatiMiu  »F^ 
white  heat.     This  metal  has  always  a  diatinctl;  crystalline,  platy  atmctu. 
but  b;  pnrtionlar  monBgeuient  it  may  be  obtained  in  crystals,  which  ii 
rhonibohedral.'   Antimony  is  notoiidiicd  by  the  air  at  common  temperaturea; 
strongly  heated,  it  bumn  with  a  white  flume,  producing  teroiide,  which  i> 
often  deposited  in  beautiful  crystals.     It  is  dissolved  by  hot  hydrochloric  iioi^l 
with  BTolation  of  hydro^n  and  production  of  lerchloride.    Nitric  acid  oiUit 
it  to  antimonic  acid,  which  is  iosoluble  ia  that  menstrnnm.     There  a 
oompounda  of  antimony  and  oxygen ;  the  first  hiia  doubtful  basie  p: 
tbo  second  is  indifferent,  and  the  third  is  an  acid. 

The  equiTaleut  of  antimonj  is  120-3  Its  symbol  is  Sb  (stibium), 

Teboxide  of  antimony,  SbO,. — This  compound  may  be  prepared  bjse. 
metboda;  as  by  borning  metalho  antimoDy  at  Ibe  bottom  of  a  large  red 
crucible,  in  which  case  it  is  obtained  in  brilliant  crystals  ;  or  by  pouring  so 
tion  of  terchloride  of  anlimouy  into  water,  and  digesting  the  resalting  ] 
clpitate  with  a  solution  of  carbonate  of  soda.  The  teroiide  thus  prodoce 
anhydrous;  it  is  a  pale  huff-colored  powder,  fi;sible  at  a  red-heat,  and  r 
tile  in  a  close  vessel,  but  in  contact  with  air,  at  a  high  temperature,  aba^ 
oxygen,  and  becomes  changed  to  the  intermediiLte  oxide.  There  exist  • 
phate,  nitrate,  and  oxalate  of  teroiide  of  antimony.  When  boiled  with  oi 
of  tartar  (bitartrate  of  potossa),  it  is  dissolTed,  and  the  solution  yields 
evaporation  crystals  of  tartar-emitic,  which  is  almost  the  only  compoosd 
teroiide  of  anlimony  with  an  acid  which  bears  admixture  with  water  wHii 
decomposition.  An  impure  oxide  for  this  purpose  is  sometimae  pr^tred 
oarefuUy  roasting  the  pondered  sulphide  in  a  rcverberatory  fumaoe,  and  ^ 
ing  the  heat  at  the  end  of  the  procesa,  so  as  to  fuse  the  product ;  it  hu  i 
been  known  under  the  name  of  glaii  of  anlimcnt/, 

Intuhhediatb  oxise,  SbO,  or  SfaOs,SbO,.— This  is  the  nltimate  prodnaj 
tbe  oxidation  of  the  metal  by  heat  and  air ;  it  is  a  grayiah-wiiite  powder,  il 
sihle,  and  destitute  of  volatility ;  it  is  insoluble  in  water  and  in  adds,  eu 
when  recently  precipitated.  When  treated  with  tartaric  acid  or  bitartratt 
potosau,  teroiide  of  antimony  is  dissolved,  antimonic  acid  remaining  beh' 
alkalies,  on  the  other  band,  remove  antjmonio  acid,  teroxide  of  sntill 
being  left. 

Ammomc  Aom,  SbOj.— When  strong  nitric  acid  is  made  to  act  upon  ms 
antimony,  the  metal  is  oxidized  to  ita  highest  point,  and  aatimonio  ooid  ia 
duoed,  which  ia  insoluble.  By  exposure  to  a  heat  short  of  redness,  it  is 
dered  anhydrous,  and  then  presents  the  appearance  of  a  pale  straw-Mloi 

Enwder,  insoluble  in  water  and  acids.  It  is  decomposed  by  a  red-beat,  yil 
ig  the  intermediate  oiide,  with  loss  of  oxygen. 

Antimonic  acid  is  likewise  obtained  by  decompoeing  pentaohloride  of  tt 
mony  with  au  excess  of  water,  when,  together  with  the  metallio  acid,  hyd 
oblorio  ncid  is  produced.  The  hydrated  antimonio  acid  produced  by  the  t 
proceasea  mentioned,  diffcra  in  many  of  its  properties,  and  espeoiiJlyin 
deportment  with  bases.     The  substance  produced  by  nitric  acid  is  n       '   "^ 
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prodaalng  ialts  of  the  foimnlft  MO.SbO,,  the  otlier  h  bibflsio,  and  forma  two 
series  of  the  s&lts  of  the  cumpoeition  2M0,SbOs  anil  MO.HO.SbO^  In  order 
to  distinguish  tbe  two  modifiBBtions,  M.  Frimy.  who  firat  pointed  oat  tlis 
lubMio  nature  of  the  acid  obtained  from  the  pentacbloride,  haB  proposed  to 
distinguiEh  it  ua  metantiuiunio  noid.  Among  the  salts  of  tho  lutter,  nn  aeid 
metantimoDale  of  potasan,  EO,HO,SbO,-|-  6H0,  is  to  be  noticed,  nhich  yields 
a  praoipitate  with  eoda-aalts.  It  is  the  odIj  reagent  which  precipitates  soda, 
but  must  be  employed  vith  peat  care  and  circumapectioD.  It  is  obtained  bj 
fusing  antimouio  add  with  an  excess  of  potassa  in  a  Bilver  crucible,  dissolving 
tho  fused  mass  in  a,  timall  quantity  of  cold  water,  and  allowing  it  to  oryBtulUie 
m  nacuo.  The  crystals  whiob  form  are  nietantimonatB  of  potassa,  2KO,SbOi, 
vliich,  when  dit^aolved  in  pure  water,  are  decomposed  into  free  potivaaa  and 
ndd  metiuitimonate, 

iBBcaLOEius  01  ahtinost;  bdtteb  or  antiuont;  SbClg.  — TMb  sub- 
itance  is  produced  wiion  Hulphuretted  hydrogen  is  prepared  by  the  notion  of 
strong  hydrochtoric  acid  on  tersulpliide  of  antimony.  The  impure  and  highly- 
acid  solution  thii9  obt^ned  is  put  into  a  retort  and  distJlled,  until  each  drop 
cf  the  condeoaed  product,  on  falling  into  tlie  aqueous  liquid  of  the  receiver, 
produces  a  copious  white  precipitate.  The  receiver  ia  then  changed,  and  the 
distjUatioQ  continued.  Pure  terehloride  of  antimony  paeaea  over,  and  solidi- 
fies on  cooling  b>  a  white  and  highly -crystalline  mass,  from  which  the  aii 
reqnijee  to  be  carefully  excluded.  The  same  compound  is  formed  by  distilling 
neUllic  antimony  iu  powder  with  2}  times  its  weight  of  corrosive  Bublimate. 
Terohlorida  of  antimony  is  very  deliquescent;  it  dissolves  in  strong  hydro- 
Chlorio  acid  without  decomposition,  and  the  solution  poured  into  water  gives 
rise  to  a  white  bulky  precipitate,  which,  after  a  sliort  time,  beoomes  highly 
arjBtalline,  and  assumes  a  pole  fawn-color.  This  is  the  old  powder  of  Alga- 
roth;  it  is  a  compound  of  terehloride  and  teroxide  of  atitimoay.  AlkalinB 
tOlatianB  extract  the  chloride  and  leave  teroxide  of  antimony.  Fiuely-povr- 
dered  antimony  thrown  into  chlorine  gas  inflnmes. 

FsHTACQLOBJDE  OF  ANTiHONT,  correspoDdiDg  to  antimouio  acid,  is  formed  by 
passing  a  stream  of  chlorine  gns  over  gently-heated  metallic  antimony ;  a  mix- 
tore  of  the  two  chlorides  results,  which  may  be  separated  by  distillation.  The 
pmtachloTidi  is  a  colorless  volatile  liquid,  which  forms  a  orystallino  compound 
with  a  small  portion  of  water,  but  is  decomposed  hy  a  larger  quantity  into 
RUlimonic  aud  hydrochloric  acids. 

Tbs8(ilpi!  11)19  Qt  ANTIHONT;  OBttsB  ANTivoiii;  SbS^  —  The  native  snl- 
llUde  is  a  lead-gray,  brittle  substance,  having  a  radiated  crystalline  texture, 
and  is  easily  fusible.  It  may  be  prepared  artificially  by  melting  together 
antimony  and  sniphnr.  Wheu  a  solution  of  tartar-emetic  is  precipitated  by 
inlphurettod  hydrogen,  a  brick-red  precipitate  falls,  which  is  tho  aame  sab- 
itance  combined  with  a  little  water.  If  the  precipitate  be  dried  and  gently 
beated,  the  water  may  be  expelled  without  oUier  change  of  color  than  a  little 
darkening,  but  at  a  higher  temperature  it  assumes  the  color  and  aspect  of  the 
native  sulphide.  Tiiis  remarkable  change  probably  indicates  a  passage  from 
Ihe  amorphous  to  the  cryatallioe  condition. 

(Then  powdered  tersulpliide  of  antimony  is  boiled  in  a  solution  of  caustic 
polaasa,  it  is  dissolved,  teroxide  of  antimony  and  sulphide  of  potnBsiam  being 
produced.  The  latter  unites  with  an  additional  quantity  of  tersnlphide  of 
antimony  to  a  soluble  sulphur-snit,  in  which  the  sulphide  of  potassium  is  the 
uilphur-basc,  and  tho  tersulphide  of  antimony  is  the  sulphur-acid. 
3E0  +  2SbSi  =  8bO,-f  8KS,Sb8^ 
The  teroxide  of  antimony  separates  in  small  crystals  from  the  boiling  solu- 
taon  when  the  latter  is  concentrated,  and  the  sulphur-salt  dissolves  an  ey' 
portioQ  of  tersulphide  of  antimony,  which  it  again  deposi  ts  on  cooling  as  a 
unorpboua  powder,  Gonlainiug  a  small  admixture  of  teroxide  of  autimouj  oiul 
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ralphide  of  potaaaium.  ThU  ie  the  ktrmtt  mineral  of  the  old  chemist*.  — -^_ 
filtered  solution  mixed  with  an  acid  gives  a  sslt  uf  patnssa,  HiilpfaanlKl 
hydrogen,  and  precipitBtcd  torsnlphido  of  anCinionj.  KermeH  may  bIbo  I 
made  b;  fusing  a  miiture  of  G  parts  tereulpLide  of  antimony  and  8  ef  di 
carbonate  of  Koda.  boiling  the  muBs  in  80  parta  of  water,  aud  Slteciug  «I ' 
hot:  the  compound  neparatea  on  cooling. 

Pbhiabulfqiuk  of  amtihont,  8b6|,  formerly  called  lulphur  aurofuni,  I 
ezistej  it  ia  a  Bnlpbnr-acid.     18  parts  finely-powdered  (ersulphide  o: 
mooy,  17  parta  dry  carbonate  of  soda,  13  parla  lime  in  the  atato  of  b 
and  HJ  parta  sulphur,  are  boiled  for  some  boura  in  a  qaantity  of  watei 
bonate  of  liine.  antimonate  of  eoda,  pentasulphide  of  antimoD;,  and  n 
of  sodium  are  produced.     The  firet  is  insoluble,  and  the  aecoiid  partUUjd 
the  tno  last-named  bodies,  on  the  contrary,  unite  to  a  soluble  sulpbii»i| 
which  may  by  evaporation  be  obtained  in  beauiifnl  crystals.     A  aolution  i 
this  substance,  mixed  with  dilute  sulphuric  acid,  furnishes  sulphate  of  K 
milphuretted  hydrogen,  and  pentasulphide  of  antimony,  which  falla  as  a  golc 
yellow  flocoulenC  precipitate. 

Antimonettbd  HYnBocKB. — A  compound  of  antimony  and  hydrogen  «d 
but  baa  not  yet  been  isolated :  when  zinc  is  put  into  a  solution  of  teroiidt 
antimony,  and  sulphuric  acid  added,  part  of  the  hydrogen  combinea  with  t 
antimony.  This  gas  bumB  with  a  greenish  flame,  giving  rise  to  white  fho'^ 
of  teroxide  of  antimony.  When  the  gaa  is  aonductcd  through  a  red-hot  ^ 
tube  of  narrow  dimensioua,  or  burned  with  a  limited  anpply  of  air,  aush  11 
the  ease  when  a  cold  porcelain  surface  ia  pressed  into  the  Same,  metallJe  al 
mony  ia  deposited.  On  passing  a  current  of  anUmonetted  hydrogen  throi 
a  solution  of  nitrate  of  eilver  a  black  precipitate  is  obtained,  eontui 
6b  Ag(i  tram  the  formatioD  of  this  oomponad  it  la  inferred  that  the  gu  li 
the  composition  SbH,. 

The  few  aalta  of  antimony  aotnble  in  water  are  amply  charaoteriied  byl 
orange  or  briok-red  precipitate  with  sulphuretted  hydrogen,  whioh  is 
in  a  Botution  of  sulphide  of  ammonium,  and  again  precipitated  by  an 

Besides  its  application  lo  medicine,  antimony  is  of  great  importance  iai 
arts,  inasmuch  as  it  forms  with  lead  lype-melal.  This  alloy  expands  a'  ' 
moment  of  aoUdifylng,  and  t»kea  on  eicoedingly  eharp  impression  ol 
mould.  It  is  remarkable  that  both  its  constitnenta  shrink  under  similar  B 
eumstancoa,  and  make  very  bad  castings.  Tersulphide  of  antimony  enters  ia 
•omposition  of  the  blue  signal-light  used  at  sea.' 


This  metal,  or  aemi-metal,  is  of  very  n 
scarce  minerals  in  association  with  gold,  silver,  lead,  and  bismuth,  apparoi 
Xeplaoing  nnlpbur,  and  is  moat  easily  extracteil  from  the  aulpho-tellniida' 
bismuth  of  Chemnitz,  in  Hungary.  The  finely-powdered  ore  is  mixed  *i 
on  eqnol  weight  of  dry  carbonate  of  soda,  the  mixture  made  into  a  pute  wi 
oU,  and  heated  to  whiteness  in  a  closely  ^covered  crucible.  Telluride  andll 
phidc  of  sodium  are  produced,  and  metallio  bismuth  set  free.  The  ftiaed  at 
la  disBolved  in  water  and  the  solutioa  freely  exposed  to  the  air,  when  I 
Bodiom  and  sulphur  oxidixe  to  oaustic  soda  and  hyposulphite  el  soda,  iril 
the  tellurium  separates  in  the  metallic  atate.  Tellurium  has  the  color  ■ 
lustre  of  silver;  by  fusion  and  alow  cooling  it  maybe  made  to  exhibit  the  fil 
of  rhombohedral  crystals  similar  to  those  of  antimony  and  arseoio.    B 
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bfittle,  B,iiJ  n  compnmtiToly  bud  cnndiiclor  of  bent  and  electriaity :  it  has  a 
doQsity  of  ti'2ti.  melts  at  littlo  beiow  a  r(<ii-liiml.  nnil  volalilizes  nt  n  liighur 
Imipernture.  Tellurium  buroa  when  healed  in  Ihe  air,  snd  is  oiidiied  by 
niUie  acid.  Two  oampuunds  of  this  aubntnnce  ivilh  oi[j|;eD  me  known,  hnviug 
Mid  properliea;  tliey  nrach  raaemblB  the  noida  of  araenio. 
The  equiialeDt  of  tellarium  ie  6i'i ;  its  Byinbal  is  Te. 
Tbllubous  ACtD,  TeO|.  —  This  is  obtained  hj  burning  tellurinm  in  the  air, 
or  b;  heating  it  ia  tine  powder  with  nitric  soid  of  1'25  apeciRa  grnvity:  ■ 
Botution  is  rapidly  farmed,  from  whiob  white  anhj'drous  octahedral  crystala  of 
tellnroua  acid  are  deposited  od  standing.  The  acid  is  fusible  at  a  red-heat, 
tiod  slightly  volatile  nt  a,  higher  tempermtnre ;  it  ia  but  feebly  eol  ubie  in  water 
or  acids,  easily  diasolyed  by  alkalies,  and  reduced  when  healed  with  carbon  or 
hydrogen.  A  hydrate  of  tellurous  acid  ts  thrown  down  when  lelliirile  of 
petftssa  is  mlied.  with  a  slight  excess  of  nitric  acidj  it  is  a  white  ponder, 
Bolnble  to  a  certain  extent  in  water,  and  reddens  litmus. 

tEtiLDaic  ACID,  TeOg.  ^ — ^  Equal  pnrta  of  tellurous  aoid  and  cnrbonale  of 
soda  are  fused,  and  the  product  dissolved  in  water;  a  little  hydrnto  otaoda  ia 
added,  and  a  stream  of  chlorine  pasited  tbrough  the  solution.  The  Uquid  ia 
next  aaturated  with  ammonia,  and  mined  with  aulution  of  ohloride  of  hariaai, 
by  which  a  white  insoluble  precipitate  of  lellnrate  of  baryta  is  thrown  down. 
Zhis  is  waahed  and  digested  with  a  quarter  of  its  weight  of  sulphuric  acid, 
^ated  with  water.  The  filtered  solution  gives,  on  evaporation  in  the  air, 
large  crystals  of  telluric  acid. 

Telluric  aoid  ia  freely,  althoagh  slowly,  aoloble  in  water ;  it  has  a  metallio 
taate,  and  redduns  litmus-paper.  When  tjio  crystals  are  strongly  heated,  they 
1«60  water,  and  yield  the  anhydrous  acid,  which  is  then  insoluble  in  water, 
Hid  even  in  a  boiliug  alksliae  liquid.  At  tlie  temperature  of  ignition,  telluria 
ftdd  loses  oiygea,  and  passes  into  tellurous  acid.  The  sails  of  the  alkalies 
ua  soluble,  but  da  not  crystallize ;  those  of  the  earths  are  nearly,  or  quite, 
iOMlnble. 

Thmv  arc  two  chloridea  of  tctlurinm,  and  also  a  hydride,  which  closely 
resemblea  sulphnretted  hydrogen. 

Arsenic  is  sometimea  found  native;  it  occurs  in  considerable  quantity  as  a 
constituent  of  many  minerala,  combined  with  metals,  snlphur  and  oxygen.  In 
the  oiidized  state  it  has  been  found  in  very  minnte  qnantitj  ia  a  great  many 
■Dineral  waters.  The  largest  portjon  is  derived  ftom  the  roasting  of  natural 
arsenidea  of  iron,  nickel,  and  cobalt:  the  operation  is  conducted  in  a  reverbe- 
ratflrj  fumaoD,  and  the  volatile  products  condensed  in  a  long  and  nearly  hori- 
lontal  chimney,  or  ia  a  kind  of  tower  of  brickwork,  divided  into  uumeroua 
obambers.  The  crude  arsenions  acid  thua  produced  is  purified  by  subllma- 
tiOD,  and  then  heated  with  charcoal  inaretori:;  the  metal  is  reduced,  and 
readily  aublimea. 

Araenio  has  a  aleel-grny  color,  and  high  rnelallic  lustre ;  it  is  crystalline 
Htd  very  brittle ;  it  tarnishes  in  the  air,  but  may  be  preserved  unchanged  in 
mn  water.  Ite  density  is  67  to  5-9.  When  heated,  it  volatilizes  without 
hidOB,  and,  if  air  be  present,  oridiies  to  arsenions  acid.  The  vapor  has  the 
oAor  of  gsriic.  This  eobslance  combines  vrith  metals  in  the  same  manner  Ofl 
ntphor  and  phosphorus,  which  it  rosembles,  especially  the  latter,  in  many 
leqteeta.  With  oiypon  it  unites  In  two  proportions,  giving  rise  to  arsenious 
«nd  arsenic  acida.     There  is  no  basic  oxide  of  arsenic. 

The  equivalent  of  arseuic  ia  75;  ita  symbol  is  As. 

AbskniOUS  aocd  ;  whitk  oxrOK  Of  ABSBNio ;  AsO,. — The  origin  of  this  sub- 

rtance  ia  mentioned  above.     It  is  commonly  mat  with  in  the  form  of  a  heavy, 

white,  glossy -looking  anbstance,  with  smooth  ounchoidal  fracture,  which  haa 

rndeotly  undergone  fusion.     When  freshly- prep.ired,  it  is  often  trMW'js.tTOft., 

■     kU  b/  keeping  becomes  opaque,  at  the  same  time  B^g^'i^.j  asirrtvAriaimt'" 
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demit;.  «nd  ncquiriiig  ft  prentsr  degree  of  Bolahillly  in  watar.     100  parts  rf 
thitt  liijiild  diKsoWe,  at  212°  <1U0°C),  about  11-5  parte  of  Ilie  opnque  Tuiist;; 
the  largest  portion  sepftrntes,  howeTer,  on  cooling,  leaving  about  3  part*  dnV- 
wived:  the  solutioa  foobly  reddena  litma'*.     Cold  water,  ngitatcd  with  ps#> 
dered  arsenious  acid,  takes  up  a  still  amatler  qmantit;.     Alkalies  dissolve  tb 
BubstoiKle  freely,  furmiag  nrseailes;  alsa  campaunds  irith  acDnioiiis,  bu;yl 
(troatia,  lime,  rangDeBio,  and  oxide  of  mangaiieBO,  have  been  formed;  " 
vonipQaad  with  oxide  of  silver  is  a  beautifully  leman-yellow  precipitate.    : 
lenionB  add  is  easily  soluble  in  hot  hydrochloric  ncid.   The  vapor  of  areenl 
add  is  colorless  and  inodorous.   Ucrystalliiea  on  solidifying  in  brilliant  In 
parent  octnhedra.     Tbe  acid  itself  bos  a  feeble  sweetish  and  astringent  tM 
and  is  a  most  fearful  poison.! 

Aebcnic  adid,  A^l),.  —  Powdered  arseolons  ndid  is  dissolved  in  hot  hji 
ghloric  acid,  and  oxidized  by  Che  addition  of  uilrio  auid,  tbe  latter  bdUg  M 
BB  long  as  red  vapors  are  produced :  tbe  whole  is  tben  cantiuuslj  evftpoH 
to  oomplote  dryness.  Tbe  acid  thus  produced  is  white  and  anhydrous, 
into  water,  it  slowly  but  oompletaly  diasolvea,  giving  a  bighly-acid  adtat 
which,  on  being  evaporated  to  a  sympy  consistence,  deposits,  after  a^ 
hydrated  crystals  of  arsenic  acid.  When  elrougiy  heated,  it  is  decompi 
into  arueuioua  acid  and  oiygea  gns. 

This  subslanoe  is  a  very  powerful  acid,  comparable  with  pliosphorio,  wl 
it  resembles  in  the  closest  mntiuer,  forming  sails  atrifltly  isomorplions  with 
corresponding  phosphates ;  it  is  atso  tribai^ic.  An  arsenate  of  soda, 
HO.AsOf-f- 24UO,  indiatinguishable  in  appearance  from  common  phoepi 
of  soda,  may  bo  prepared  by  adding  the  oarb'inale  to  a  solution  of  am 
Boid,  until  an  alkaline  reacUon  is  apparent,  and  then  evaporating.  This 
also  arystalliies  with  14  equivalents  of  water.  Another  arsenate,  SNaO.J 
-|-  24HO,  is  produced  when  carbonate  of  soda  in  excess  is  fused  with  usi 
acid,  or  when  the  preceding  salt  is  mixed  with  caustic  soda.  A  third,  H 
2H0.AsO,-1-2H0,  iamade  by  substitutiug  an  eicess  of  arsenic  acid  for 
Bolulion  of  alkali.  Tbe  alkaline  arsenates  which  contain  basic  water  lose 
latter  at  a  red-heat,  but,  unlike  the  phosphates,  recover  it  when  again 
solved.'  The  salts  of  the  alkalies  are  soluble  in  water;  those  of  Ibe  at 
and  other  metallic  oxides  are  insoluble,  but  are  dissolved  by  acids.  The] 
eipitaCe  with  nitrate  of  »1ver  is  highly  cbarocteriatie  of  orscuia  acid;  I 
reddish-brown. 

Three  Solphibes  of  absbhic  are  known. — Realgar,  AeS),  occurs  native. 
is  formed  artiSciolly,  by  heating  arsenious  acid  with  the  proper  propoitioi 
Bolpbur.  It  is  an  orange-red,  fusible,  and  volatile  substance,  emplojai 
painting  and  by  tbe  pyrotechnist  in  making  white-firt.  Orpimenl,  Jl^^  w 
is  also  a  product  of  tbe  mineral  kingdom,  is  made  by  fusing  arseoiauB  aeid^' 
excess  of  sulphur,  or  by  precipitating  a  solution  of  Iho  acid  by  aulphure 
hydrogen.  It  ia  a  golden-yellow  crystalline  substance,  fusible  and  volatill 
beat.  A  higher  sulphide,  AsS,,  correaponding  to  arsenic  aoid,  is  pradi 
when  sulpbaretCed  hydrogen  is  transmitted  through  a  solution  of  ikrBenia  a 
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The  BoIoliDa  of  arsenia  ncid  is  not  immeiliBtel^presipiUted,  the  peDtasnlphids 
being  deposited  only  after  some  hours'  HtiLiidiiig.  Its  precipitntioD  19  conEi- 
dembl;  iioaolGrut«d  by  obullitlon.  It  is  a  yellow,  fusible  Bubstance,  oapable  of 
sublimation.  RealRftr,  orpiment,  and  pentn sulphide  of  araenin  are  aulphur-iiEida. 
,  Arsenic  unites  with  chlorine,  iodine,  &,<:.  The  lerchhridt,  AsCI,,  ia  formed 
by  distilliiig  a  mixtore  of  1  part  of  arBenic,  and  6  parts  of  corrosiye  snbli- 
nftte;  it  ia  a  colorless.  Tolntile  liquid,  decomposed  hywaler  into  areenious  and 
bjdrooliloria  uoida.  The  same  substance  is  produced,  with  disengtigement  of 
he»t  snd  light,  when  powdered  araenio  ia  thrown  into  chlorine  gaa.  The 
Uriodide,  AsT^  is  formed  by  heating  metallic  m-senio  with  iodine ;  it  is  a  deep- 
red  cr/BtftlliDO  Bubstance,  capable  of  enblimatioQ.  Tho  bromide  and  ftuoridt 
are  both  liquid. 

Araenie  also  combines  with  hydrogen,  forming  a  gaseous  eompound,  AsH^ 
nnoIogDUB  to  phospboFCtted  hydrogen.  It  ia  obtaioed  pure  by  the  iLctlon  of 
atrong  hydrochloric  acid  on  an  alloy  of  equal  parte  of  zinc  and  arsenio,  and 
is  produced  in  greater  or  less  proportion  whenever  hydrogen  is  set  free  in  con- 
tact with  araeniona  acid.  Arsenetted  hydrogen  ia  a  colorless  gna,  of  2'fl96 
apeoiSo  gravity,  aligbtly  soluble  iu  water,  and  having  the  smell  of  garlic.  It 
burns  wiieu  kindled  with  a.  blue  flame,  generating  arBeniouB  acid.  It  ia  also 
doaompoaed  by  tranamiasion  through  n  red-hot  tube.  Many  metallic  aolnlions 
are  precipitated  by  this  snbetanoe.  It  is,  when  inhaled,  exceedingly  poisonous, 
even  in  very  minnte  qimnti  tj.  

Aracnious  acid  is  distinguished  by  characters  which  cannot  be  misunderstood. 

Nilrnte  of  silver,  miied  with  a  aolotioo  of  nrsenions  aoid  in  water,  oooa- 
rioDs  no  precipilnte,  or  merely  a  faint  cloud ;  but  if  a  little  alkali,  as  a  drop 
^r  ammonia,  be  added,  a  yellow  precipitate  of  arsenite  of  silver  immediately 
fallB.  The  precipitate  is  eicoedingly  soluble  in  excess  of  ammonia:  that  aub- 
■Kmoe  must,  therefore,  be  added  witli  great  cautioo;  it  ia  likewise  very  soluble 
\li  nitric  acid. 

Snlphnte  of  copper  gives  no  precipitate  with  solution  of  aTsenions  acid, 
until  the  addition  hos  been  mode  of  a  httle  alkali,  when  a  brilliant  yeltow- 
green  precipitate  (Soheele'.i  green)  folia,  which  also  is  very  aolnble  in  esocsa 
Df  smmooia. 

Sulphuretted  hydrogen  passed  into  a  aolution  of  araenioua  acid,  tn  whlah  a 
tew  drops  of  hydrochloric  or  snlphnrio  acid  have  been  added,  occasions  the 
production  of  a  copious  bright-yellow  precipitate,  of  orpiment,  which  is  dis- 
lolved  with  facility  by  ammonia,  and  reprecipitated  by  ncids. 

Solid  arsenions  acid,  heated  by  the  blowpipe  in  a  narrow  glass  tube  with 
■niall  fragments  of  dry  charcoal,  affords  a  aublimate  of  metallic  arsenic  in  tbi 
ihspe  of  a  briilioat  steel-gray  metallic  ring.  A  portion  of  this,  detached  by 
the  point  of  a  iinife  uud  heated  in  a  second  ghtsa  tube,  with  access  of  air, 
jlelds,  in  its  turn,  a  sublimate  of  colorless, 
dKaapurent,  oclahedrnl  crystals  of  arsenious  Fig.  las. 

All  Ihcsa  eiperimenls.  nhioh  jointly  give  de-  b9  '^ 

Btonatrative  proof  of  the  presence  of  the  aub-  Km      ^"" 

•Mnee   in   question,  may  be   performed  with  ^  i^ 

fisrfteat  prcciaiOD  nnd  certaioty,  upon  exceed-  «■&. 

ngl,  small  quantities  of  material.  W^  -       »- 

The  detection  of  arsenioos  acid  in  complei  J^  **  H       W 

mixtures  containing  organic  matter  and  com-  A'^Ah  ta  /\ 

mon  salt,  as  beer,  gruel,  aoup.  Stc,  or  llie  fluid  ^Pfi.     ^    ^L>J|^ 

contents  of  Iho  stomach  in  csseB  of  poiaon-  j^     .j<'\'*^  3f 

L,8.  ,.  .  ,.r,  ,„  „,»„  ,M..l,  ,™bli.  b«  #.    #  t>  S» 

■me  which  is  unfortunately  often  reqnired   to  *i!    cjr     'e^ 

he  eolved.      Tlieae    organic    matters    interfere  '"«    ^^ 
'    wltb  tke  liquid  tests,  and  render 
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their  Indioatione  worlhlesa.  SometimeE  tlio  diffioult/  maj  bo  elnJeS  \ 
diligent  KMrcb  ia  tbe  suspected  liquid,  and  in  the  ToBsel  contnintag  it,  fti 
fragmeaUi  or  powder  of  aolid  nrsaniuus  acid,  wliicli,  (toid  ila  amall  de^EC  ' 
■olubili';,  oflcn  escapes  Bulation,  auJ  IVoio  tbe  bigli  density  of  the  siibetii 
na;  be  found  ilC  tbe  Liollom  of  the  Teasels  in  wbich  the  fluids  are  coata' 
If  anjUiing  of  the  kind  be  found,  it  maj  be  waslied  hy  deoontalion  w 

little  aold  water,  dned,  and  then  reduced  with  charcoal.  Foe  fl 
He,  IM,  latter  purpose,  a  small  gtsBB  tube  is  taken,  having  the  Ggnreitl  _ 
preaenled  in  tbe  mnrgia  ;  wbite  Oerman  glMa,  free  from  lead,  U 
to  be  preferred.  The  arseaious  acid,  or  what  ia  saepected  la  In 
hicb,  is  dropped  to  the  bottom,  and  coiered  with  Eplintcrs  or 
little  fmgme[its  of  obarcoat,  tbe  tube  being  filled  to  the  shoulder. 
Tbe  whole  ia  gently  boated,  to  expel  any  moisture  that  may 
present  in  the  obaraoal,  and  tbe  deposited  water  wiped  ^om  \ 
interior  of  the  tube  with  bibulouB  paper.  The  narrow  part  of' 
tube  oontnining  the  charcoal,  from  u  to  i.  ie  now  heated  bj 
blowpipe  flaine;  when  red-hot  the  tube  is  inclined,  so  that 
bottom  also  may  become  heated.  The  arsenious  acid,  if  pret 
is  vaporized,  and  reduced  by  the  cliarcoal,  and  a  riDg  of  inn* 
arsenic  deponitod  on  the  oool  part  of  tbe  tube.  To  oomplete 
experiment,  the  tube  may  be  melted  at  a  by  tbe  point  of 
flame,  drawn  off,  and  cloaed,  and  the  arsenic  oiidiied  to  ui 
ouB  acid,  by  chasing  it  up  and  down  by  the  heat  of  a  smal]  n 
lamp.  A  little  W]tter  may  afterwards  be  iutruduced,  and  tr 
in  die  tube,  by  whleb  tiie  arsenious  ocirl  will  be  diesolTcd,  ai 
Iliis  solution  the  tests  of  nitrate  of  silTcr  and  ammonia,  ii 
of  copper  and  amnionia,  and  sulphuretted  hydrogen  may  be  applied. 

When  the  aearob  for  solid  arsenione  acid  fails,  tbe  liquid  iteelf  m 
eianiiued  i  a  tclerably  limpid  solution  maat  be  obtained,  from  which 
arsenic  may  be  precipitated  by  sulpbarelted  bydrogeo,  and  the  orpimenti 
lected.  and  reduced  to  the  metallic  state.  It  ia  in  the  first  part  of  Uiis  opi 
tion  that  tbe  chief  difficulty  is  fouud ;  such  orgnnio  miilures  refuse  to  il 
or  filler  so  slowly  as  to  render  some  method  of  aooeleraliDn  indiapewa 
Boiling  with  a  little  caustic  potnfjEja  or  Bcelic  acid  wiE  sometimeg  eSi  ' 
object.  The  following  ia  an  outline  of  a  plan,  which  has  been  found  ai 
ful  in  a  variety  of  cases,  in  wbiob  a  very  small  quautity  of  nrsenions  add  '. 
been  purposely  added  to  an  organic  mixture.  Oil  of  vitriol,  itself  pe  ' ' 
*reo  from  arsenic,  is  mixed  with  the  snspected  liquid,  in  the  firoporl--.. 
about  a  measured  ounce  to  a  pint,  having  been  previously  diluted  irith  a  I 
Wator,  and  the  whole  is  boiled  in  a  flask  for  half  an  hour,  or  until  a 


«oy  Starch  that  may  be  present  into  dextrin  and  sngar;  i(coago!n._. 
plutely  albuminous  substances,  and  cusein,  in  the  case  of  milk,  and  brings 
whole  in  a  very  short  time  into  a  state  in  which  filtration  is  both  easy  i 
rapid.  Througii  the  filtered  solution,  when  cold,  a  current  of  sulphmtl 
hydrogen  is  transmitted,  and  the  liquid  is  warmed,  to  liiciUtatB  the  depc^' 
'  of  tbe  tersntphide,  wUiab  falls  in  combination  with  a  large  quantity  of  <ir| 
matter,  which  often  communicates  to  it  a  dirty  color.     This  ia  collected  I 

■  small  filter,  and  washed.  It  )e  next  transferred  to  a  capsule,  and  fie 
irilh  a  mixture  of  nitric  and  hydrochloiio  acids,  by  wbich  tbe  organio  Inn 
tie^  are  in  a  great  measure  dcstmj'ed.  and  the  arsenic  oxidized  to  araeoiB  i 
The  solution  is  evaporated  to  dryness,  the  soluble  part  taken  np  b;  dl 

'  hydrocblorlo  acid,  and  then  the  solution  saturated  with  sulphuraut  I 
>  whereby  tbe  ^rsenio  acid  is  reduced  to  tbe  state  of  arsenious  neld,  Sm 
IS  being  niidiied  to  sulphuric  ae!d.  The  solution  of  nrsenioas  Mii 
cipitnted  by  sulpburelted  hydrogen  without  any  difficulty.     Tile  Hi 

■  waipiud,  and  the  precipitate  wa^bed  by  deoRotntiou,  and  dried,     tt  Is ! 


ARSENIC.  SIS 

■Ixed  witli  blaei-Jiia,  nml  beated  in  a  emitX]  gloss  tube,  Bimilar  to  that  ittready 
deiJGribec),  villi  aimilor  precautiana:  a  ring  of  reduced  araenio  ia  oblained, 
which  may  be  oiidiied  to  arsenioiu  acid,  aud  Tartber  exiLmined.  The  bliLck- 
flni.  18  a  mixture  of  carbonate  of  potaBaa,  and  cbnFcoal,  obtained  by  calcining 
sream  of  tartar  in  a  close  crncible ;  the  alkali  IraasfocniB  the  solphide  ioto 
■rattnioiiB  acid,  the  charcoal  enhseqaeatlj  effecting  the  deoiidation.  A  mix- 
ture of  anbydrooB  carbonate  of  aoda  and  charcoal  may  be  sabBlitnted  nith 
adTHotoge  for  tha  cummou  black-flux,  as  it  is  less  hygroecopic. 

Other  metbods  of  proceedingi  different  in  priooiple  from  the  foregoing,  haTa 
been  proposed,  as  that  of  the  late  Mr.  Marsh,  which  ia  exceeiliDgly  delicate. 
The  auspected  liquid  is  acidnlated  with  aulpburic  acid  and  pl.iced  in  contact 
with  metallic  xincj  the  hydrugeti  reduces  the  arsenioua  acid  and  combines 
wltli  the  arsenic,  if  any  be  present.  The  gns  is  burned  at  a  jet,  and  a  piece 
of  gloss  or  porcelain  held  in  the  flame,  nhen  any  admixture  of  arsenelled 
bydi-ogen  is  at  onoe  known  by  the  production  of  a  brilliaut  black  melallio  spot 
of  reduced  araeuio  on  the  porcelain. 

It  bas  been  observed  (pnge  308)  that  antlmaneltEd  hydrogen  gires  a  similar 
reaolt.  la  order  to  diBtinguish  the  two  siibslances,  the  gas  may  be  paaaed 
iiito  a  solution  of  mCi'ate  of  silver.  Both  ga^es  give  rise  to  a  blaoli  precipitate, 
which,  in  tlie  case  of  antimonetted  hydrogen,  consists  of  antimoniiie  of  ailver, 
SbAg^  whili't  it  is  pure  silver  in  the  case  of  arsenetted  hydrogen,  the 
arsenic  being  then  converted  into  arsenious  acid,  which  combines  with  a  por- 
tion of  oxide  of  silver.  The  araenite  of  silver  remains  dissolved  in  the  nitria 
ftclil  ivhich  is  liberated  by  the  precipitation  of  the  silver,  and  may  be  Ibrcwn 
down  with  its  clioracleristic  yellow  color  by  adding  ammonia  to  the  liquid 
Glared  oil"  from  the  black  precipilnte.  The  black  antimonidc  of  ailver,  when 
oarefnlly  wiished  and  aiibaequetitly  boiled  with  a  solution  of  tartaric  acid, 
jialds  a  solution  containing  antimony  only,  and  from 
irtiioh  sulphuretted  hydrogen  separates  the  cliaracter-  ~     "  " 

latio  omJiBe-yeilow  precipitate  of  toraulpbide  of  anli- 

A.  oonveniput  form  of  Marsh's  instrument  is  that 
Aown  ill  tlie  drawing  :  itconsials  of  a  bent  tube  having 
two  bulbs  blown  upiin  it,  Sited  with  a  step-cock  and 
narrow  jet.  Slips  of  zinc  are  put  into  the  lower  bulb, 
Vbich  is  nflvrwnrda  filled  nitb  the  liquid  to  be  cx- 
iioiiied.  On  replnolug  the  slap-cock,  closed,  the  gas 
oMlects  nod  forces  tbe  fluid  into  the  upper^ulb,  which 
Huai  acta  by  its  hydrostntiu  pressure,  and  expels  tbe 
at  Clirougb  the  jet  so  soon  as  the  stop-cock  is  opened. 
Smuat  be  borne  in  mind  that  both  common  !:ina  and 
nlphuric  acid  often  contain  traces  of  arsenic* 

A  slip  of  copper-foil  boiled  in  the  poisoned  liquid, 

Sevionety   aeldulated   with   liydroohloric   ncid,   wi th- 
aws the  arsenic  and  becomes  covered  with  a  white 
•llojr.     By  heating  the  metal  in  a  gh 


U  expelled,  and  oxidized  to  a: 
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SECTION  VI. 
METALS  WHOSE   OXIDES   ARE   BEDDCED   BY  HEAT. 


SrLTCB  h  found  <n  the  metallio  aiaie,  na  solphide  in  anion  irith  sulph 

I    ft  aDtimonj  and  sulphide  of  araeoio,  and  also  as  ohlatide,  iodide,  and  broiaS 

I    AmoDg  'lie  principBl  ailver  minaa  ma;  be  mentioned  Ihoso  of  the  Hnrti  miv 

ttltna  in  tiermiiTif ,  of  Kooigsberg  in  Nomay,  and,  more  pnrticalcu'ly,  of 

Andee  in  bolli  North  and  South  Amerioft. 

The  grcnter  part  of  the  silver  of  commerce  is  extracted  from  ores  bo  pool 
to  render  nay  process  of  smtllirig  or  fusion  inapplicable,  even  where  foel  M 
Ije  obtained,  and  this  is  often  difficult  to  be  procured.  Eeooarse,  therefoi 
is  had  to  another  method,  that  of  amalgamalion,  founded  on  the  eaey  solabili 
of  ailver  »nd  manj  oilier  mollis  in  melaJlio  meronrj.  ' 

The  ftninlgamfttion-prooesa,  as  oouducted  in  Germany,  differa  aomewj 
from  that  in  use  in  America,  The  ore  is  crushed  to  powder,  mixed  vitt 
quantit;  of  common  salt,  and  roasted  at  a  low  red-heat  in  a  suitable  tc 
by  which  trenlment  any  aulphide  of  silver  it  mny  contain  is  converted  k 
ohloride.  The  mixture  of  earthy  matter,  oxidea  of  iron,  copper,  Bolnble  st! 
chloride  of  silver,  and  metaUic  silver,  is  sifted  and  put  into  large  barrels,  m 
to  revolve  on  axes,  with  a  quantity  of  water  and  scraps  of  iron,  and  the  wh 
agitated  together  fur  some  lime,  duting  which  the  iron  reduces  the  ohlw 
of  eilter  to  the  state  of  metal.  A  certain  proportion  of  mercary  ia  then  inti 
dnced,  and  the  agitation  repeated;  the  mercnry  dissolves  out  the  ^* 
together  with  gold,  if  (here  be  any,  metailio  copper,  and  other  snbatilM 
forming  a  fluid  amalgam  easily  separable  from  the  thin  mud  of  earthy  mat 
by  aubsidenoe  and  naahing.  Thia  amalgam  is  strained  through  strong  H) 
cloth,  and  the  solid  portion  exposed  to  heat  in  a  kind  of  retort,  by  whioh* 
remaining  mercury  is  distilled  off  and  the  silver  left  behind  in  an  in 
oonditioD. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferone  gslem 
faDt,  almost  every  specimen  of  native  sulphide  of  lead  will  be  found  to  . 
tain  traces  of  this  metal.  When  the  proportion  rises  to  a,  certain  unoinl 
becomes  worth  extracting.  The  ore  is  rednced  in  the  usual  manner,  thew^ 
of  the  siller  remaining  with  the  lead  ;  (he  latter  is  then  re-molted  in  a  li 
veHsel,  and  allowed  slowly  to  cool  until  solidiSoation  commences.  The  poi 
which  first  crystallines  is  nearly  pure  lead,  the  alloy  with  silver  beingi 
fuiible  Ihait  liad  iUelf;  bj  pnrticular  management  this  is  drained  away, 
is  found  to  contain  nearly  the  whole  of  the  silver.  This  rich  mass  fa  1 
exposed  to  a  red-hent  on  the  shallow  hearth  of  a  furnace,  wliile  a  strua 
ftir  is  allowed  to  impinge  upun  the  (iurface ;  oiidaliori  takes  place  with  g 
rnpidilj,  the  fused  osidc  or  litharge  being  ooiisinnlly  awept  from  Ito 
by  the  blast.  When  tlio  greater  part  of  (he  lead  h^ia  been  thua  rem 
,  fesidae  ia  transfBrmd  to  a  cuptlor  shiillow  dish  made  of  bone-aehea, 
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liated ;  tiia  'sit  of  the  lead  is  now  oxidiied,  and  fhc  oxide  ainlis  in  a  melted 
ttsite  into  the  pocoua  tcbbbI,  wliile  the  silyer,  ulmust  chemLcall;  pure,  Emd 
eihibiting  a.  brilliant  surface,  remains  beliind. 

Pure  silver  may  be  easily  obtained.  The  mutnl  is  dissolved  in  nitric  acid; 
if  it  oontain  copper,  the  solution  will  lia?e  a  blue  lint ;  gold  will  remain  undia- 
BolTed  aa  a  t>l)ick  powder.  The  Eolation  ia  mixed  iritb  by drocbli^ric  acid  or 
with  common  salt,  aod  tbe  wbite,  insoluble  curdj  {Irecipitste  of  cbloride  of 
ulver  washed  and  dried.  This  is  then  mixed  with  about  twiee  its  weight  of 
anhydrous  carbonate  of  soda,  and  the  miiiure,  placed  in  an  earthen  crucible, 
gradaally  raised  to  n  temperature  approaching  whiteness,  during  which  the 
oarbonale  of  soda  and  tbe  chloride  react  upon  each  other,  carbonic  add  and 
o^gen  escape,  while  metallic  silver  aad  ohluride  of  sodium  result ;  the  former 
bses  into  a  button  at  the  bottom  of  the  crucible,  and  is  easily  detached. 

Pore  silrer  has  a  most  perfect  white  color  and  a  high  degree  of  lustre :  it  is 
exceedingly  malleable  and  ductile,  and  is  probably  the  best  condaotor  both  of 
heat  and  electricity  known.  Its  specific  gravity  is  10-5.  In  hordneBB  it  lies 
between  gold  and  copper.  It  melts  at  a  bright  red-heat,  about  1873°  (.1023°C), 
MMrding  to  the  obgerrationB  of  iVIr.  Daniell.  Silver  is  unaltemble  by  air  and 
moistnre:  it  refuses  to  oxidize  at  any  temperature,  but  poBsesaes  the  eitraor-  4 
dinary  faculty,  already  noticed  in  an  earlier  part  of  tbe  work,  of  absorbing 
iBiUiy  times  its  volume  of  oxygen  when  strongly  heated  in  an  atmosphere  of 
that  gas,  or  in  common  air.  This  oxygen  is  again  disengaged  at  tbe  moment 
of  sohdification,  and  gives  rise  to  the  pecuUar  arborescent  appearance  often 
remarked  on  the  Burface  of  masses  or  buttons  of  pure  silver.  The  addition 
of  2  per  cent,  of  copper  is  sufficient  tu  prevent  this  absorption  of  oxygon. 
^Ter  oxidises  when  heated  with  fusible  siliceous  matter,  as  glass,  which  it 
stains  yellow  or  orange,  from  the  formation  of  a  silicate.  It  is  little  attacked 
by  hydrocblorio  acid ;  boiling  oil  of  vitriol  converts  it  into  sulphate  with  evo- 
Indon  of  sulphurous  acid ;  nitric  acid,  even  dilute  and  in  the  oold,  dissolves 
it  readily.  The  tnraishing  of  surfaces  of  silver  exposed  to  the  air  is  due  to 
solpharetted  hydrogen,  the  metal  having  a  strong  attraction  for  sulphur. 
There  are  three  oxides  of  silver,  one  of  which  is  a  powerful  base  iaomorphoua 
with  potassa,  soda,  and  oxide  of  ammonium. 

The  equivalent  of  silver  is  IDS ;  its  symbol  is  Ag  (argeutnm). 

ScBOXtug  OF  siLTEE,  Ag,0.  —  When  dry  citrate  of  silver  is  heated  to  212" 

J.^'C)  in  a  stream  of  hydrogen  gas,  itlosos  oxygen  and  becomes  dark  brown, 
he  product  dissolved  in  water,  gives  a  dark-colored  solution  containing  frea 
citric  acid  and  citrate  of  the  suboxide  of  silver.  The  suboxide  is  then  pre- 
oipitated  by  potossa.  It  is  a  black  powder,  very  easily  decomposed,  and 
wluble  in  atumouia.  The  eoiution  of  citrate  is  rendered  colorless  by  heat, 
biuDg  resolved  into  a  salt  of  tho  protoxide  and  metallic  silver.  According  to 
Wohler,  suboxide  of  silver  is  also  formed  by  bailing  arsenite  of  silver  with 
taustio  alkalies.     In  this  case  it  is  mixed  with  metallic  silver. 

PaoToxiiiK  01  BiLVKit,  AgU. — Caustid  potassn  added  to  a  solution  of  nitrate 
of  Mlver  throws  down  a  pale-brown  precipitate,  which  conBiats  of  protoxide 
of  silver.  It  is  very  soluble  in  ammouia,  and  is  dissolved  also  to  a  small 
«xtciit  by  pure  watei' ;  tbe  solution  is  alkaline.  Kecently-precipitaled  chloride 
of  silver,  boiled  with  a  solution  of  caustic  potoasa  of  specific  gravity  1  '25,  ac- 
Qording  to  the  observation  of  Dr.  Gregory,  is  converted,  althongb  with  diffi- 
Qld^,  into  oxide  of  silver,  which  in  this  case  is  black  and  very  dense.  The 
protoxide  of  sliver  neutralizes  acids  completely,  and  forms,  for  the  most  part, 
colorleBB  salts.  It  la  deoomposed  by  a  red-heat,  with  evolution  of  oxygen, 
BpoDgy  metallic  silver  being  left:  tbe  sun's  rays  also  effect  its  decomposition 
l«  a  amall  extent. 

Pkboxius  of  silvbb.  — This  is  a  black  crystalline  substance  which  forma 
Upon  the  positive  electrode  of  a  voltaic  arrangement  employed  to  decomposi     j 
k  aolu^OD  of  nitrate  of  silver.     It  is  reduced  by  heat,  evoWea  cWotmft  Vwavl 
■wad  vffm  hy  hjdriteblorio  acid,  flipladw  Then  BMwd  niQi  le^oB'jj'wa'a  m^ 
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inia  with  great  cnergij  n 


rem  a  rod  troB 


■tmak,  and  ileoompoBeH  sotulion  of  ■: 
diBi>ngagemcDt  of  iiitrogcn  gas. 

NiTRATg    Of   aiLVKE,    AgO,SO,.  — The   nitrate  ia   prepared   by  direct 

diBBuhiug  lilter  in  nitric  acid,  aud  eiaporating  the  HDlutiou  to  dlynesB, 

nntil  it  ia  etroog  enough  ta  orjBtallize  ou  aooliiig.     The  oryHlals  stu  oolarlif 

trnnnpitreDt;  anbydroua  tables,  soluble  in  an  equal  weight  of  oold,  and  lain 

thut  qunntity  of  tHtiling  water :  they  alao  dieeolTe  in  aloohol.    Tbey  fUH  lA 

heated  like  those  of  nitre,  and  at  a  higher  temperatnre  suffer  decompoEitfi) 

>    Ike  lunar  caiutic  of  the  surgeon  is  nitrate  of  siWer  which  has  been  melted  i 

I  foured  into  a  o^lindrioal  mould.     The  aalt  blackens  when  upotied  to  lig 

I  more  particular!;  if  or{tanio  matters  of  any  kind  be  present,  and  is  freqiieni 

"  Wnplojed  to  coiiimunicftlfl  a  dark  alajn  to  the  hair  ;  it  enters  into  th( 

aitiou  of  the  "indelible"  ink  used  for  marking  linen.     The  black  e 

been  thought  to  be  metallic  Bilver;  it  may  posHibly  be  Buboiide.    FurentK 

of  silver  may  l>e  prepared  from  the  metal  alloyed  with  copper :  the  alli^ 

dieeolted  in  nitrio  acid,  the  Boluiion  evaporated  to  dryoei^a,  and  the  mr' 

lulionsly  heated  to  fusion.     A  suial]  portion  of  the  melted  nuL 

'    m  time  to  time  for  examination ;  it  is  disaolved  in  water.  Site 

a  added  to  it  in  excess.    While  any  copper  ealt  remains  nndec 

poaed,  the  liquid  will  be  blue,  but  when  that  no  lunger  happens,  the  nil 

may  be  sulTered  to  cool,  dissolved  in  water,  and  filtered  from  the  inaul 

blaek  oxide  of  copper. 

SuLPEATR  oy  siLVBE,  AgO.SO,, — The  sulphate  may  be  prepared  by  boi 
together  oil  of  vitriol  and  metallic  eilter,  or  by  precipitating  a  coneentr 
solution  of  nitrate  of  silver  by  an  alkaline  sulphate.  It  disaolves  in  8S  j 
of  boiling  water,  and  separates  in  great  measure  in  a  cryBtolltne  form 
cooling,  having  but  a  feeble  degree  of  solubility  at  a  low  temperature, 
forms  a  ory stall] sable  compound  yiitt  ammoma,  freely  soluble  in  water, 
tainiiig  AgO,80,+  2NH,. 

HypmulphaU  of  Silver,  AgO,S,0,-|~IIO,  ia  a  soluble  cryatatliinble  salt,  . 

'n  the  air.     The  hypoiulphiu  is  insoluble,  white,  and  very  prone 

.    lition;  it  combines  with  the  alkaline  hyposulphites,  forming  soli' 

I  wmpounda  distinguished  b;  an  intensely-sweet  toute.     The  alkaline  hype 

I  phitea  dissolve  both  oiide  and  chloride  of  silver,  nud  give  rise  to  similar  ■ 

an  oxide  or  chloiide  of  the  alkaline  metal  being  at  the  same  time  fort 

Corhonatt  of  tilver  is  a  white  insoluble  substance  obtained  by  mixing  solul 

of  nitrate  of  silter  and  of  carbonate  of  soda.     It  is  blackened  and  dec 

i   poHed  by  boiling. 

CuLDBins  or  siLVEB,  AgCl. — This  substance  ia  almost  invsriably  prodi 

I    when  a  soluble  salt  of  silver  and  a  soluble  ohloride  are  mixed.     It  falls : 

I   white  ourdy  precipitate,  quite  insoluble  in  water  and  nitric  acid;  but  oae] 

'   of  eiiloride  of  silver  is  soluble  in  200  parts  of  hydrochloric  aoid  when  ooni 

trated,  and  in  about  600  parts  when  diluted  with  double  its  weight  of  wi 

Vhen  heated  it  melts,  and  on  cooling  becomes  a  grayish  crystalline  in 

a  like  horn;  it  is  found  native  in  this  eondition.  aanstitutin| 

,   ItDTn-niver  of  the  mineralogist.     Chloride  of  silver  is  decomposed  by  I 

bath  in  a  dry  and  wet  state,  very  slowly  if  pure,  and  quickly  if  organic  BU 

[   l)e  present :  it  is  reduced  also  when  put  into  water  with  metallio  lino  or  ll 

It  is  soluble  witli  great  ease  in  ammonia  and  iu  a  solution  of  cyanide  of  po 

sinni.      In  pmctionl  analysis  the  proportion  of  chlorine  or  hydroohloiio  I 

in  a  oompouud  ia  always  estimated  by  precipitation  by  solution  of  silraK.  ' 

liquid  Ib  acidulated  with  nitric  aoid,  and  an  excess  of  nitrate  of  «tver  tHA 

the  chloride  is  colleoted  oo  a  filter,  or  better  by  subsidence,  washed,  S^ 

and  fused;  100  parts  correspond  to  24-7  chlorine,  or  25'J3  of  hydroblil 

!,  Agl.- 
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Durl;  so  in  ftoimonU,  aniJ  forms  an  exception  to  tbe  ailver-salta  in  general  in 
this  respect.  Detille  has  obtained  s.  crystalline  iodide  of  silver  b;  the  notion 
of  concentrated  hjdriodic  aoid  upon  metalUc  silver  which  it  dissolvea  irith 
dieengi^eineut  of  hydrogen.  Hjdriodic  itcid  ooiiTerts  oliloride  of  aiher  into 
iodide.     Tlia  bromide  of  silver  rerjr  ctoHel?  resembles  the  obloride, 

BttLPBiDE  ot  SU.VBB,  AgS. — TbJB  19  n  eoft,  gray,  mid  aomevhat  mBlleable 
aabstance,  found  native  in  a  orystalliicd  state,  and  easil;  prodnced  by  melting 
together  ita  constitntenls,  or  by  precipitating  a  solution  of  silver  hj  sulphu- 
TOtted  bj'drogen.  It  is  a  strong  sulpliur-basi,  and  combines  with  tbe  enlphidcs 
of  antimony  and  arsenio :  esimplea  of  Euch  compounds  are  found  in  tho 
boAutifuI  minerals,  dark  and  light-red  lilver  art. 

Ammonia -COKPOOND  of  silver  ;  Be btboi, let's  roLMiNATiBa  bilybk.  — 
When  preoipilated  oxide  of  silver  is  digested  in  ammonia,  a  black  substansa 
is  produced,  possessing  eitromcly  dangcroHa  eiploaive  properties.  It  en- 
plodes  while  moiat,  wbeu  rubbed  with  a  hard  body,  but  when  dry  the  touch 
of  a  feather  ia  snlficient.  The  ammonia  retaine  some  of  Ibis  aabstiiDce  in 
eolation^  and  deposits  it  in  Bmall  crystals  by  spontaneoos  evaporation.  A 
similar  compound  containing  oxide  of  gold  esista.  It  ia  easy  to  nndersland 
the  renaon  wby  these  bodies  are  subject  to  such  violent  and  sadden  decompo- 
dtion  by  tbe  slightest  cauae,  on  tbe  supposition  that  they  contain  an  oxide  of 
an  easily-red ncible  metal  and  ammonia:  the  attraction  between  the  two  con- 
Btitaents  of  tbe  subatance  ia  very  feeble,  while  that  between  the  oxygen  of 
the  one  nnd  tbe  hydrogen  of  the  other  ia  very  powerfol.  The  explosion  ia 
caused  by  the  sudden  evolution  of  nilrogoD  gas  and  vapor  of  water,  the  metal 
being  set  free. 


A  Bolabie  ealt  of  silver  is  perfectly  cbaraoteriied  by  the  white  curdy  preci- 
pitate of  chloride  of  silver,  darkening  by  exposure  to  light,  and  insoluble  in 
hot  nitric  aoid,  which  ia  prodnced  by  the  addition  of  any  aolnble  chloride. 
Lead  is  the  only  metal  which  can  be  confounded  with  it  in  this  respect ;  but 
chloride  of  lead  is  solable  to  a  great  extent  in  boiling  water,  and  ia  deposited 
in  brilliant  acieular  crystals  when  the  solution  cools.  Solutions  of  ailver  are 
reduced  to  tbe  metallic  atate  by  iron,  copper,  mercury,  and  other  metals. 

^e  economical  uses  of  silver  are  many:  it  ia  admirable  for  culinary  and 
oUiaT  similar  parposes,  not  being  attacked  in  tbe  slightest  degree  by  any  of 
the  Bubstances  used  for  food.  It  ia  neoeseary,  however,  in  these  caaes  to 
diminisb  the  softness  of  the  metal  by  a  amall  addition  of  copper.  The  stan- 
dard ailrer  of  Engtaud  contains  2'2.'Z  parts  of  silver  and  18  parts  of  copper- 


Gold,  in  small  qnantities,  ia  a  very  widely-diffused  metal ;  triioea  are  con- 
atcntlv  fonod  in  the  iron  pyrites  of  the  more  ancient  rocka.  It  ia  always  met 
with  in  tbe  metallic  state,  sometimes  beautifully  crystallized  in  the  cubie 
form,  aaaooialed  with  quarts,  oxide  of  iron,  and  other  aubstancea,  in  regular 
mineral  veins.  The  annda  of  varioua  rivers  have  long  furnished  geld  derived 
from  this  source,  and  aoparable  by  a  simple  process  of  naahing;  such  is  the 
gtld^vU  of  commerce.  When  a  remstcne  ia  wrought  for  gold,  it  is  stamped 
to  powder,  nod  alinkon  in  a  suitable  apparalua  with  water  and  mercnry;  an 
amalgam  i,^  formed,  which  is  afterwards  separated  fVom  the  mixture  and  de- 
composed by  distillation. 

The  pure  metal  is  obtained  by  solution  in  nitra-hydrocblorio  acid  and  pre- 
ffipitated  by  a  aalt  of  protoxide  of  iron,  which,  by  undergoing  perosidaUfn.   | 
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reduoeg  tLe  gaM.     The  Utter  fnlls  a 
DieUllic  luBtre  b;  friction. 

floU  ia  B  soft  melnl,  haTing  a  bcsuttfol  jellaw  color, 
otber  metals  in  malleabilitjr,  tbe  tlunnest  golij-ieaf  not  excepding,  it  i! 
{tiVts  "^  ""  '""^  '"  ^l''*')'"^^  vliile  the  gUdiog  od  thi  silTer  wire  ns«d  l£ 
Hie  mKnofiicture  of  gvld-Uet  it  still  thinner.  It  ma;  aleo  be  dnurn  into  Ta 
fine  wire.  Gold  ha«  a  denaity  of  196 ;  it  mella  at  a  temperature  a  litlte  ibon 
the  futinp-point  of  ailrer.     Neither  air  nor  valcr  affect  it  in  the  least  at  an 

IAMnpemtnre :  the  ordinarj  acids  fail  to  attack  it  eingi;.     A  miitnre  or  idt^ 
■Bd  lifdrochlorio  acida  diaaolTes  (told,  howeTer,  Tith  ease,  the  aetirs  n^ 
S^ng  the  libemled  chlorine.      Gold  forma  two  compouads  with  dijgen,  a) 
^D  eorreaponding  cumpDnndii  with  chlorine,  iodine,  Eulphur.  &c   BoUi  u" 
JnfDM  to  nnite  with  acids. 
|#    The  equiTBlenl  of  gold  ia  197.     Its  symbol  is  An  (aonun), 
«    FBotoxiTjR  or  GOLD,  AdO, — The  prolfliide  ie  prodnced  wlicn  esnstie  pol 
■In  solution  ia  poured  apon  the  protoohloride.     It  is  a  green  powder,  pi 
Aoluble  in  the  aHisUne  liquid:  the  Bolation  mpidl;  decompofea  into  mel 
gold,  which  enbsides.  and  into  teroiide,  which  remains  diasoWed. 

TBBOX.IDI1  or  ooLii ;  AtrBia  acid;  AnO,.  —  When  mnguesla  is  added  i 
the  terchloride  of  gold,  and  the  aparingly-BolublB  aurale  of  that  base  w 
waabed  and  digested  with  nitric  acid,  the  teroiide  ia  left  as  tm  iDaolot 
reddi&h-ycUow  powder,  which,  when  dry,  becomes  Fhestnul-brown.  It 
easily  reduced  by  heat,  and  aleo  by  mere  eiposnre  to  ligiit :  it  is  inaolnblt 
oxygen  acida,  with  the  exception  of  strong  nitric  aeid,  insoluble  in  hjH 
flaoric  acid,  easily  dissolved  by  hydrochloric  and  bydrobromic  aeida.  AlT 
lies  diasoWe  it  freely ;  indeed,  the  acid  propertjea  of  this  aobatanee  are  re 
BtTongly  marked  :  it  partially  decomposes  a  solutioi]  of  cbloride  of  potAldi 
when  boiled  with  that  liquid,  potaaas  bung  produced.  When  digested  wl 
ammonia,  it  furnishes  fulminating  gold. 

Fkotoohlobidi  of  gold,  Aud. —  This  substance  is  produced  when  I 
terchloride  is  evaporated  to  dryueaa,  and  exposed  to  a  beat  of  440°  (226°'BC 
until  chlorine  ceases  to  be  exhaled.  It  forms  a  yellowish- white  masa,  insolnl 
in  water.  In  contact  with  that  liquid  it  is  decomposed  slowly  in  tbe  » 
and  rapidly  by  the  aid  of  heat,  into  metallic  gold  and  terchloride. 

TiftCtlLDRiDE  or  ooLD,  AuClg. — Tbls  ia  the  moat  important  eompW 
of  the  metal,-  it  ia  always  produced  when  gold  is  dtsaoWed  in  nitro-bj^ 
chloric  acid.  The  decp-yetluw  aolution  thus  obtained  yields,  by  eTupor) 
yellow  crystals  of  the  doable  chloride  of  gold  and  hydrogen;  when  tl... 
oautiOQsly  heated,  hydrocblorio  acid  is  expelled,  and  the  residue,  on  ooolii 
solidifies  to  a  red  oryatallino  maaa  of  terchloride  of  gold,  lery  doIiqneaM 
and  soluble  in  water,  alcohol,  and  elher.  The  terchloride  of  gold  Crtlnbi* 
with  a  number  of  metallic  chlorides,  forming  a  series  of  double  aalts,  of  wbil 
the  general  formula  in  the  anbydrons  state  ta  MCl+AuC!^  M  repreaeothigl 
equivalent  of  the  SMiond  metal.  These  compounds  are  mostly  yellow  wh<n 
etjalals.  and  red  when  deprived  of  water. 

A  mixture  of  terchloride  of  gold  with  excess  of  bicarbonale  of  potutai 
I   toda  is  used  for  gilding  amsU  ornamental  articles  of  capper  i  theae  are  cluw 
[  "hy  dilute  nitric  ncid,  and  then  boiled  in  the  miiture  for  some  ti 
■eans  they  acquire  ■  thin  hut  perfect  coatjog  of  reduced  gold. 
Tbe  other  compounds  of  gold  are  of  very  little  importance. 
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Sold  infendjd  for  coin,  and  moat  other  purpoaHs,  is  nlwajB  aUoyed  irith  a 
eiTtain  proportlDH  of  silver  or  copper  to  incrense  its  haidneas  &Qd  dnrabilit; ; 
the  firat-named  metal  confers  a  pale-greeniah  c"!or,  English  Htandnrd  gold 
aoatninB  -^  of  alloy,  dow  always  copper.  GoS-Uaf  is  made  by  rolling  out 
|>lateB  of  pure  gold  as  Ibin  as  possible,  aud  tbon  beating  them  between  folds  of 
membrane  by  a  heavy  hammer,  until  the  requisite  degree  of  tennit;  boa  been 
reached.     The  leaf  is  made  to  adhere  to  wood,  &c.,  by  siie  or  Taniisb. 

Qilding  on  copper  has  Tory  generally  been  performed  by  dipping  the  articlea 
into  a  solution  of  nitrate  of  mercury,  and  Iben  shaking  them  with  a  small 
lamp  of  a  soft  amalgam  of  gold  with  that  metal,  which  (bus  becomes  spread 
orar  Ibeir  snrfacea;  the  articiee  are  subsequently  heated  to  expel  the  moc- 
eury  and  then  buruiahed.  Gilding  on  steel  is  done  either  by  applying  a  eola- 
tion of  tcrohloride  of  gold,  in  ether,  or  by  roughening  the  surface  of  the  meta), 
heating  it,  and  applying  gold-leaf,  with  a  burnisher.  Gilding  by  electrolysia 
I — an  elegant  and  simple  method,  now  rapidly  saperseding  many  of  the  otlieri 
— has  already  been  noticed.  The  solution  usually  employed  is  obtained  by 
dissolving  oiide  or  cyanids  of  gold  in  a  solution  of  cyanide  of  potHssium.' 

HBKCIIRT,    OB   QCICKSIXTXa, 

This  very  rcmBrksble  metal  has  been  fenown  from  an  early  period,  and  par- 
liapa  more  than  all  others  has  excited  the  attention  and  curiosity  of  experi- 
menters, by  reason  of  its  peculiar  physical  properties.  Mercury  is  of  great 
llBjMrtaiico  in  several  of  the  arts,  and  enters  itito  the  composition  of  many 
nhiable  medicaments. 

Uetallio  mercury  is  occnaioitally  met  with  in  globulos  disseminatad  through 
&e  nstjve  sulphide,  which  is  the  ordinary  ore.  This  latter  substauce,  aome- 
timM  called  einnabar,  is  found  in  considerable  quantity  in  several  localities, 
of  which  the  most  celebrated  are  Almaden  in  Spain,  and  Idria  in  Austria. 
Only  recently  it  has  been  discovered  in  groat  abundance,  and  of  remarkable 
parity,  in  California  and  Australia.  The  metal  is  obtained  by  healing  the  snl- 
pbide  in  an  iron  retort  with  lime  or  scraps  of  iron,  or  by  rosatiog  it  in  a  fnr- 
naee,  and  conductiug  the  vapors  into  a  large  chamber,  where  the  mercury  is 
oondenaed,  while  the  aulphurons  acid  ia  allowed  (o  escape.  Mercury  is  im- 
ported into  this  country  in  bottles  of  hammered  iron,  containing  seventy-five 
poonda  each,  and  in  a  state  of  considerable  purity.  When  purchased  in 
■miiller  quantities,  it  is  sometimes  found  adulterated  with  ^n  and  lead,  which 
tnetalB  it  dissolves  («  some  extent  without  much  loss  of  fluidity.  Such  admii- 
turo  may  be  known  by  the  foul  snrfooa  the  mercury  exhibits  when  shaken  in 
%  bottle  containing  air,  and  by  the  globules,  when  made  to  roll  npoii  the  table, 
Jtaving  a  train  or  tail. 

Mercury  has  a  nearly  silver-white  color,  and  a  very  high  degree  of  lustre: 
It  U  liquid  at  all  ordmary  temperatures,  and  only  solidifies  when  cooled  to 
— 40=  ( — looo).  In  this  state  it  ia  aoft  and  malleable.  At  662°  (SeO^C)  II 
boQs.  and  yields  a  transparent,  colorless  vapor,  of  great  density.  The  metal 
*oIatiliiea,  however,  to  a  sensible  extent  at  all  temperatures  above  68°  (20''C) 
or  70=  (21°C) :  below  Ibis  point  its  vohitility  is  imperceptible.  The  rolatility 
of  mercory  at  the  boiling-heat  ia  singularly  retarded  by  the  presence  of  minute 
qoftntities  of  lead  or  lino.  The  specific  gravity  of  mercury  at  60°  (i6°'50)  is 
18'69;  that  of  frozen  mercury  afaunt  14,  great  contraction  taking  place  in  the 
set  of  solid  iScati  on. 

Pure  quic^Bilver  ia  quite  nualtemblo  in  the  nir  at  common  temperatures, 
Imt  when  heated  to  near  its  boiling-point  it  slowly  absorbs  oxygen,  and  be- 
rerted  into  a  orystalline  dark-red  powder,  which  is  the  highest 
a  dull-red  heat  this  oxide  ia  again  decomposed  into  its  ccnslitnenti, 
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Bjdrocliloria  aoid  bna  little  or  no  nction  on  merour;,  and  Lhe  aane  maji! 
paid  of  Eulphurio  acid  in  a  dilated  state :  when  the  latter  ie  uonceotratBl  I 
boiltng-tiot,  U  oiidiies  the  metal,  coaTertJDg  it  into  enlphsCc  of  the  red  oil 
witli  evalutioa  of  sulphurous  aaid.  Nitrio  aoid,  oien  dilute  and  in  QuM 
dissolTea  mercury  freelj,  with  an  eToludon  of  binoiide  of  nitrogen. 

Mercury  combines  with  nxygen  in  tiro  proportions,  fomiiDg  a  gnj  u 
red  oxidi',  both  of  which  are  ealifiablo.  As  Ihe  salts  of  the  red  oiide  an 
moat  stable  and  permanent,  that  EubHtnnce  ma;  be  regarded  as  the  tnM  p 
flxide,  instead  of  the  gray  oiide,  to  which  tLe  term  Las  formerly  been  spjdj 
Until,  however,  isoniorpbous  rBlaliong  connecting  mercury  with  the  ot 
metalB  shall  be  establiahed,  the  conBtitutioc  of  the  two  tixiiius  and  that  of 
eorresponding  chlorides,  iodides,  &c,,  must  reDiniii  aomewhat  oDNettled,^ 

The  equivalent  of  niercDry,  on  the  abOTe  supposition,  will  be  100;  iti^ 
bol  is  Hg  (hjdrargyrmu). 

SnBoxiim  OP  mehodhi;  okat  oiide;  Hg,0.—TIio  suboiida  is  easily.) 
pared  by  adding  cauBlio  potaasa  to  the  nitrate  of  this  substance,  or  Vf  ^ 
mg  calomel  in  solution  of  caustio  alkali.  It  is  a  dark-gray,  nearij  \Sl 
heavy  powder,  inaoluhle  in  water.  U  is  slowly  decompoBed  bj  the  aetiDq 
light  into  metallic  mercury  and  red  oiide.  The  preparations  known  in  p' 
maoj  by  the  names  blui pill,  gray  omlmmt,  mrrcUTy  with  chalk,  &c.,  often. 
posed  to  owe  their  cEBoacy  to  this  substance,  merely  contain  the  fiuel; 

Pbotoiidb  OP  MBBOunY;  EEDowns:  HgO. — The 
by  which  this  compound  may  be  obtained ;  the  following  may  be  Eit«d  aBt 
most  important: — (1)  By  exposing  mercury  in  a  glass  fliBk,  with  a  Iraigj 
row  nook,  for  several  weeks  to  a  temperatare  approaching  600°  (315°-I 
the  pmdBCt  has  a  dark-red  color,  and  is  highly  crystalline;  it  is  the  rti  ■ 
dpitatt  of  the  old  writers.  (2)  By  cantionsly  heating  any  of  the  nitrate 
either  oxide  to  oompleta  decomposition,  when  the  ncid  is  decomposed  and 
pelled,  oxidising  the  metal  to  a  mniimuni,  if  it  happen  to  be  in  the  oondb 
of  Euboiido.  The  product  is  in  this  case  also  crystalline  and  very  densfc 
has  a  mncb  paler  color  than  Ihe  preceding  ;  while  hot  it  is  nearly  btaok. 
Is  by  this  method  that  the  oxide  is  generally  prepared ;  it  is  apt  to  eoni 
nndecomposed  nitrate,  which  may  be  dieeovered  by  strongly  healinp  a 
in  a  test-tube :  if  red  fumes  arc  produced,  or  the  odor  of  nitrous  acid  eihtl 
the  oxide  has  been  insuSciently  heated  in  Ihe  process  of  manut^otare.  i 
By  adding  caustic  potajsa  in  excess  to  a  solution  of  oorroaive  enblinatft. 
which  a  bright-yellow  prooipitale  of  oxide  is  thrown  down,  which  only  diX 
from  the  foregoing  preparations  in  being  dostitole  of  Oryslalline  textora  t 
much  more  minutely  divided.     It  must  be  well  washed  and  dried. 

Bed  oxide  of  mercury  is  slightly  soluble  in  water,  commDnicaUng  to! 
latter  an  alkaline  reaction  and  metallic  taste;  it  is  highly  poisonouB.  Vfe 
■trongly  heated,  it  is  decomposed,  as  before  observed,  into  metalSe  meNt 
and  oxygen  gas.  ] 

Nitrates  of  TDK  oxinEs  of  hrbcubt. — Nitrio  aoid  varies  in  its  atd 
npon  mercury,  according  to  the  temperaturo.  When  cold  and  sonieff^ 
diluted,  only  salts  of  the  gray  oxide  are  formed,  and  those  are  nenlnli 
kasic  (i.  (.  with  excess  of  oxide),  as  the  acid  or  the  metal  happens  tobcin  V 
cess.  Wben,  on  the  contrary,  the  nitric  acid  is  concenti'ated  and  hot.  |l 
mercury  is  raised  to  ils  highest  state  of  oxidation,  and  a  salt  of  the  red  mil 
produced.  Both  classes  of  salts  are  apt  to  bo  decomposed  by  a  large  qvW 
tity  of  water,  giving  rise  to  icBolable,  or  sparingly  soluble,  compoimds  «>■ 
taining  an  Biccaa  of  base. 

Jfculral  nilrate  of  the  tuboxide,  HgjO,NO|-f-  2IID,  forms  large  colorless  or^ 
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ttii  eatubte  in  n  small  qiinntity  of  witter  witbout  deoompnailion ;  it  ia  mode  bj 
diasoMng  mercury  in  an  excess  of  cold  dilate  aitnc  nci^I. 

When  eiseas  of  merourj  has  been  employed,  s  fiuely-crystBlliied  baaio  salt 
it,  after  eotuo  time,  deposited,  containiug  3tIg;,0.2NO,4-  3H0:  this  is  uUo 
deoomposed  by  water.  The  two  aalts  nre  ensily  distinguished  when  rubbed  in 
B  inDTtar  with  a  little  chloride  of  sodium  ;  the  neiitra!  compoand  gives  nitrate 
orEiMl&  and  calomel;  the  basic  salt,  nitrate  of  soJa  and  n  black  oomponnd  of 
enlomel  with  oxide  of  mercury.  A  block  substance,  oulled  Sahtirman'i  soluhU 
mncury.  is  produced  when  amtaonia  in  small  qaaiitity  is  dropfied  into  a  soIq' 
Uon  of  the  nitnite  of  the  suboxide;  it  oontsins  SHgiO,NO,-fNH, or.  according 
la  Sir  R.  KttnB,2HgjO,NOs+NH,:  the  composition  olthiE  prepnriilion  eTidenlly 
VkHeB  according  to  the  leiuperntnre  nud  the  aoncenlrnlion  of  the  solutions. 

IfilraUt  of  Ihe  Protoxide  {Rid  Oxidt)  of  Mtrcury. — By  disHolTing  red  o»idB  (rf 
merourj  in  hiccss  of  nitric  acid,  and  evapora^ng  gently,  a  syrupy  liqnid  is 
obtained,  which,  enclosed  in  a  bell-jar  over  lime  or  snlpharic  acid,  deposits 
tohnninouH  erystals  and  cry>stii11ine  crusts.  The  crystals  and  crusts  have  tbe 
Mme  composition,  2(HgO,NO,)  +  HO.  The  same  substance  is  deposited  from 
Uie  ayrupy  lii)uid  as  a  crystalline  powder  by  dropping  it  into  concentrated 
Bitric  acid.  The  syrupy  liquid  itself  appears  to  be  a  definite  compound  con- 
-twniog  HgO,NO,  +  2HO.  By  sam rating  hot  dilute  nitric  acid  with  the  red 
Dxida,  a  salt  is  obtained  on  cooling  which  cryetalHzos  in  neetUes,  permaneut 
in  the  air,  centainiog  2HgO,NO,+  HO.  The  preceding  orystalliied  salts  are 
decomposed  by  water,  with  production  of  compounds  more  and  more  basic  as 
the  washing  is  prolonged  or  Ihe  temperature  of  the  water  raised.  The  nitratea 
of  tbe  protoxide  of  mercury  combine  with  ammonia. 

Sulphate  of  the  Suboxide  of  MercaTij,  Hgj,0,SOj,  falls  as  a  white  crystalline 
powder  when  aulphtiric  acid  is  added  to  a  solution  of  Ihe  nitrate  of  the  aab- 
OXide;  it  is  but  slightly  solnble  in  water.  Sulphate  of  the  protoxide,  HgO,80^ 
le  readily  prepared  by  boiling  together  oil  of  vitriol  and  metallic  mercury  antil 
Uia  latter  is  wholly  converted  into  a  heavy  white  crystalline  powder,  which  ia 
Ow  salt  in  question ;  the  excess  of  acid  is  then  removed  by  evaporation,  car- 
ried to  perfect  dryness.  Eqnal  weights  of  acid  and  metal  may  be  conveni- 
ently employed.  Water  decomposes  the  snlphate,  dissolving  out  an  acid  salt, 
and  leaving  an  insoluble,  yellow,  hitsio  eompound,  formerly  called  turjrilh  or 
tttrbtt/l  mineral,  containing,  according  to  Kane's  analysis,  SIlgO,S0^  Long- 
oontinued  washing  with  hot  water  entirely  removes  the  remaining  acid,  and 
leavea  pure  protoxide  of  mercury. 

Sbbohloride  of  hercuht  ;  CALOMEL  ;  Hg,C1.  —  Thls  very  important  aali- 
Btanoe  may  be  easily  and  well  prepared  by  pouring  a  solntioa  of  the  nitrate 
of  the  suboxide  into  a  targe  excess  of  dilute  solution  of  common  salt.  It  falls 
aa  a  dense  white  precipitate,  quite  insoluble  in  water ;  it  must  be  thoroughly 
iTBshed  with  boiling  distilled  water,  and  dried.  Calomel  is  generally  procured 
by  another  and  more  complex  process.  Dry  sulphate  of  the  red  oxide  ia 
rubbed  in  a  mortar  with  as  much  metallic  mercnry  as  it  already  contains,  and 
a  quantity  of  common  salt  until  the  globules  disappear,  and  an  uniform  mix- 
tare  lieen  produced.  This  is  subjected  to  sublimation,  the  vapor  of  the  calomel 
being  citrried  into  an  atmospbero  of  steam,  or  into  a  chamber  containing  air ; 
it  il  thus  condensed  into  a  minutely-divided  state,  and  the  laborious  process  of 
pnlTerizalioQ  of  the  sublimed  mass  avoided.    The  reaction  is  thus  explained; — ' 

'irUn  jrnyoildcbe  nmaWerea  m  proloiids,  the  aalphate  wUlte  bliDlpluU  ot  Iho  Itn- 
nUe,  HgOi,  2gui,  BDit  Um  ilKompnBltduiwillgiuitthui  — 

,2  aq.  cHloDiel,  HeCI. 


•alt  .    )  :i  eq.' wKll'um^  - 

HgUi,aaui  +  iia-i-s[ 
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the  beniit;  of  tlia  tiat  depending  mooh  upon  tbe  extent  to  vfaioli  diriajm  It 
carried.    The  reil  or  crystalline  sulphide  mnj  hIso  be  fanned  directlj,  vilhoit. 
tablimnlioQ,  bj  lionting  tho  binak  prcoipitnted  t^ubetatiae  in  a  solution  of 
Issniphide  of  potaaaium ;  the  sulphide  of  mercury  is  in  Tact  soluble, 

'k&liae  Butpbides,  and  forma  irith  them  crystsliiuUl 


eompouude. 

When  Termilion  is  heated  ii 
phnrooa  &ci<l ;  ic  resists  the  nci 
■trong  mineral  acida,  even  uitr 


the  ttir,  it  yields  metallio  mercury  and  f 
on  both  of  enuBiio  alkali  in  solution,  ud 
i,-and  is  only  attacked  by  agua  rtgia. 


When  protoiide  of  mercury  la  put  into  a  large  eioeaa  of  pure  cam 
iBonla.  It  compound  is  obtainrd,  the  color  of  nhicli  TiirJea  with  the  state  oft 
oiide.  If  tbe  latter  be  amorphoua,  it  ie  pate  yellov ;  if  cryatalline,  Iben  I; 
action  of  the  ammonia  ia  mueh  leaa  energetic,  aud  the  product  darker  in  oolr 
Thia  aobataace  possesBee  very  extraordinary  pcopertiea,  namely,  tfaOH  tt 
most  powerful  ba«e,  and  probably  belongs  to  the  aarue  claaa  as  the  oompsa 
baaea  oontaiDing  platinum,  described  under  that  metal.  The  body  in  qneed 
bears  a  temperature  of  2G0°  (12(i°6C),  vithoul  decompoaitiun,  beeomi 
brown  and  anhydrous  by  the  loss  of  3  equivalents  of  water.  In  ^ia  etltl 
oontains  Na.Hg^O.^NH.Hg^  +  aHgO,  orNHg,0  +  2ao.  It  is  insdil 
in  water,  alcohol,  and  umioouia ;  cold  aulution  of  potaesa  has  no  aclion  on  I 
hydrate,  bnt  at  a  boiling  heat  some  ammonia  is  diaengagcd.  The  aniijdn 
base  is  only  acted  an  by  hydrate  of  potassa  in  fuaioa.  It  combines  dlfti 
•nd  nnorgetically  with  acids,  forming  well-defineil  ooiiiponiKiH;  it 
sarbonio  aeid  with  avidity  from  the  air,  like  baryta  or  lime.  It  erei 
poaea  ammoniaoal  salts  by  bailing,  expelling  the  ammonia  and  combinillgVI 
the  acld.1  ' 


The  salts  of  mcroury  are  all  volatilized  or  decomposed  by  a  tempE.__ 
Ignition:  those  which  fail  to  yield  the  meta)  by  simple  heating  mayill 
oaaea  be  made  to  do  so  by  beating  in  a  teat-tube  with  a  little  dry  oariMT* 
of  aoda.  The  mofal  is  precipiltited  from  its  solubla  combinations  by  a  J 
of  copper,  nud  also  by  n  aolotion  of  protochloride  of  tin,  nsed  in  cxem, 
behavior  of  the  protochloride  and  soluble  salts  of  the  red  oxide  witb  ml 
potassa  and  ammonia  is  also  highly  choraoteristia. 


Alloys  of  mercury  with  other  metals  ara  termed  amalgnnii;  menrar/i 
solves  in  (his  manner  many  of  the  metals,  as  gold,  silver,  tin.  lead,  &e.  M 
cnmbinatiODe  sometimes  Cake  phce  with  couaiderable  violence,  as  in  Aefl 
of  potassium,  where  light  and  heat  ara  produced;  bcaidea  lliig,  many  «f  i 
nmalgama  crystallise  after  a  while,  hecoming  solid.  The  amalgam  of  tan  B 
in  silvering  looking  glassce,  and  that  of  silver  and  of  copper  aomelii 
employed  for  stopping  hollow-toeth,  are  examples. 


I'latinnm,  palliidinm,  rhodinm,  iridium,  rutlicninm,  and  asmialn.  tm 
•tnnll  group  of  metals,  allied  in  Some  cases  by  properties  in  common.  Mil 
wm-e  olnsely  by  their  natural  nsaooiation.  Crude  plaiinum,  a  nA^ve  •HtK 
platinum,  palladium,  i-hodlnm,  iridium,  and  a  tittle  iron,  occurs  in  giwltl 
rolled  masses,  sometimes  of  tolerably  !arge  dimcnitioiis,  mixed  witb(M*rfl 
transported  mnlcrials.  on  the  Elopo  of  the  Ural  Mountains  in  Russia,  JllAl 
and  Ccjlon.  and  in  a  few  other  pl.icea.     It  )ins  never  been  scon  in  tKam 


From  tliia  subatance  plKtinnm  is  prepared  by  the  following  process:  —  Tha 
nude  metal  ia  acted  upon  aa  fnr  ae  pouiible  by  nitro-hydroebluric  acid,  coa- 
tftining  &D  eicesa  of  bjidrocbloric  acid,  and  slightly  diluted  with  water,  in 
order  to  disaolre  fu  Hmall  a  quan^ty  of  iridium  as  paasihla;  to  the  deep 
yeUowish-red  and  highly  acid  solalion  thus  prodacad  sal- ammoniac  is  added, 
by  which  nearly  the  whole  of  the  platinnm  ie  thrown  down  in  the  fltata  of 
ammonia-chloride.  This  substance  is  washed  with  a  little  cold  wnler,  dried 
Bud  heated  to  redneaa ;  metallic  platinum  in  the  spongy  state  ia  left.  Thii 
metal  can  only  with  difficulty  bo  fused  into  a  coinpnct  mass  by  ordinary 
fornace-heat,  but  the  same  object  may  be  accompliBhed  by  tatiiog  advauCage 
of  its  property  of  welding,  li)[e  iron,  at  a  high  (euipemture.  The  spongy 
platiaum  is  made  into  a,  thin  uoiform  paste  with  water,  introduced  into  a 
Rlightly-aonioal  mould  of  brasa,  and  subjected  to  n  gradnaled  pressure,  by 
vbich  the  water  is  equceied  out,  and  tho  mass  rendered  at  length  aufficiently 
BoHd  to  bear  handling.  It  is  then  dried,  rery  carefully  heated  to  whiteness. 
ud  hunimered,  or  subjected  to  powerful  pressure  by  suitable  means.  If  thii 
operation  be  properly  eouducted,  the  platinum  will  then  be  in  a  state  to  bear 
forging  into  a  bar,  which  can  afterwards  be  rolled  into  plalea,  or  drawn  into 
wire,  at  pleasure.  Beoently  Ueville  lias  conslrncled  a  blast  furnace,  the  heat 
of  which  is  capable  of  fusing  as  much  as  an  ounce  of  platinum. 

FLitinum  is  in  point  of  color  a  little  whiter  than  iron;  it  is  exceedingly 
llikl1«nble  and  ductile,  both  hot  and  cold,  and  is  very  infusible,  melting  only 
bafore  the  oiy-hydrogen  hlowpipe,  or  in  powerful  blast  furnaces.  It  is  the 
lte»Tiest  substance  known,  its  speoi&c  grarity  being  21-5.  Meither  air, 
moiiilure,  nor  the  ordinary  acids  attack  platinnm  in  the  slightest  degree  at 
any  temperature;  hence  its  great  value  in  the  construction  of  clieniieal 
Teaseta.  It  ia  disaolved  by  agua  rcyta,  and  superficially  oxidized  by  fused 
bydrata  of  poCasxa,  which  enters  into  combination  with  the  oiide. 

The  remarkable  property  of  the  spongy  metal  to  determine  the  EJiion  of 
oxygen  and  hydrogen  Las  been  already  noticed.  There  is  a  still  more  curioaa 
Rtate  in  which  platinum  can  be  obtained,  that  of  plalinum-tliick,  where  the 
diriaion  is  pushed  much  farther.  It  ia  easily  prepared  by  boiling  a  solution 
of  bichloride  of  platinum,  to  which  an  excess  of  carbonate  of  soda  and  a 
quantity  of  sugar  have  been  added,  until  the  precipitjilo  formed  after  a  little 
time  becomDB  perfectly  black,  and  the  supernatant  liquid  colorless.  The  black 
powder  is  collected  on  a  filter,  washed,  and  dried  by  gentle  heat.  This  sob- 
■toDce  appears  to  possess  the  property  of  condensing  gases,  more  especially 
oxygen,  into  its  poraa  to  a  very  great  eitont :  when  placed  in  contact  with  a 
solntjon  of  formic  acid,  it  converts  tbe  latter,  with  copious  effervescence,  into 
onrbonia  acid;  alcohol,  dropped  upon  the  platinum- black,  becomes  ohanged 
t^  oxidation  to  acetic  acid,  the  rise  of  temperature  ttetng  often  sufficiently 
gieat  to  cause  inflammation.  When  oiposed  to  a  red-beat,  the  black  subatanca 
iihrinks  ia  volnnie,  assumes  the  appearance  of  common  spongy  platinum,  and 
loses  these  peculiarities,  which  are  no  doubt  the  result  of  its  eieessively- 
oomminated  state.  FIntinum  forma  two  compounds  with  oxygen,  chlorine,  lie. 
The  equivalent  of  platinum  is  Q8'T.     Its  symbol  is  Pt. 

Pbotoxidb  of  PL&TiNUH,  PtO. — 1Vhen  protochloride  of  platinum  is  digested 
with  caustic  potossa,  a  black  powder,  soluble  in  excess  of  alkali,  is  produced : 
this  ia  the  protoxide.  It  is  soluble  in  acids  with  brown  color,  and  the  aolulioaa 
are  not  precipitated  by  sal-ammoniac  When  bitioxide  of  platinum  is  heated 
with  solution  of  oinlic  acid,  it  is  reduced  to  protoxide,  wbich  remains  dissolved. 
The  liquid  has  a  dark-blue  color,  and  dcpoaita  fine  copper-red  needles  of  _ 
tialnte  of  the  protoxide  of  platinum, 

BmoxiOK  or  piatinuh,  PtO,,  —  Th)s  \t  \\6^t  prepared  by  ^dding oitraA*  ot 


;  alH),  mi 
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teiTts  to  SDlphftt«  of  tbe  binoiideof  plntinani;  tnlpliste  of  tiRTTtBMidliiinlf 
of  tbo  binoxidc  are  produced.  From  tbe  lulter,  caoelic  Foda  precipiutee  oil- 
faklf  of  Iba  binoxiile  of  platmotn.  Tbe  BUtpbate  is  ilst-lf  obluined  bj  "- 
wilh  atroiig  niti'ic  acid  upon  Ibe  bisulphide  of  plalinnm,  whieb  fallB  u 
powder  wlien  a  eolulion  uf  bichloride  is  dropped  inlo  sulphide  of  pot 
The  hydrate  of  Ibe  binoiiile  ie  a  bulkj  broim  pDirder.  vbich,  Then  g«P(l 
heated,  becomes  blaolc  and  auhj^dious.  It  ma;  also  be  fonned  by  boillr 
tHohloride  of  plaliuum  witli  a  great  elceEB  of  oauslio  soda,  and  tbep  adiU 
acetic  acid.  It  dlBsolvCB  in  acids,  and  aleo  combines  vilh  bases;  the  et 
baTe  A  yellow  or  red  tint,  and  a  great  dispoeitioD  to  unire  with  sails  of  I 
alkalies  and  alkaline  eiirtbB,  giving  rise  to  a  Beries  of  double  compofu 
vbioh  are  not  precipitated  b;  excves  of  alkali.  A  cumbmntion  of  bindil 
of  plaUnum  vitb  ammonia  eiiate,  which  is  eiplosiTO.  Both  oxides  of  platini 
■re  reduced  to  Ihe  melallio  stale  by  ignition. 

Pbotochlobide  or  plattituh,  FtCI.  —  The  protochloride  is  produocd  vU 
bichloride  of  platinum,  dried  mid  powdered,  is  exposed  for  son     "*""  " 
heat  of  400°  (204°-6C).  by  which  hiilf  of  the  chlorine  is  expelled  . 
BulphuroaB  acid  is  paBSed  intji  a  solution  of  tbe  bichloride  until  tbe  U 
oeaaea  to  give  a  precipitate  with  sal-ammoniac.   It  is  a  grteniab'gray 
iOBulable  in  water,  but  diSBolved  by  hydmchlorio  acid.     The  latter  t 
mixed  with  sal'smmoninc  or  chloride  of  potassium,  deponite  a  double  a^t, 
flne  red  prismatic  crjstalB.  conCnining.  in  tbe  last  case.  PtCl  +  SCL 
oorreBponding  sodium-compound  is  very  soluble  and  difficult  to  oryab 
The  protochloride  is  decomposed  by  beat  into  chlorine  and  metallio  platii 

BiCHLOBIDE.     OB    PXRCHLOKIDE     Or     FLATINVH,     PIC1(. Tllis     EDbslBIieS 

always  formed  when  platinum  is  dist^olved  in  nitro-bydrocbloric  acid,  i 
acid  solution  yields  on  eiaporalicn  to  dryness  a  red  or  brown  residae,  d 
queBcent,  and  Tery  soluble  both  in  water  and  alcohol ;  tbe  aqueoaa  solal 
has  a  pure  orange-yellov  tint.  Bichloride  of  plntinnm  combinea  ts  don 
aalts  with  a  great  variety  of  metallic  chlorides;  tbe  most  important  of  d 
compounds  are  those  ooDtniuing  tbe  mEtals  of  tbe  alkalies  end  cunmonii 
Siehloride  of  platimm  and  chloride  of  potamvm,  FtCl,  ECl,  form  a  tei 
yellow  oryBtalline  precipitate,  being  produced  whenever  aolntiona  of 
ahloridea  of  platinum  and  of  potaasiom  are  mixed,  or  a  salt  of  polassa,  ntt 
with  a  Uttle  hydrochloric  acid,  added  to  bichloride  of  platinum.  It  is  fte 
soluble  in  water,  still  less  soluble  in  dilute  alcohol,  and  is  decompossdii 
some  difficulty  by  beat.  It  is  readily  reduced  by  hydrogen  at  a  high  temp4 
lure,  fumishing  a  mixture  of  chloride  of  potassinm  and  platinum-blaoll; 
latter  substance  may  thus,  indeed,  be  very  easily  prepared.  The  «otfir'~  ' 
PtGl^  NaCl  -^  eUO,  is  *ery  aolnble,  crystaUiiing  in  large,  tram 
yellow-red  priems  of  great  beiinly.  The  anmenic-chloridt  ofptalinuvi 
NHfCl,  is  indiBtingnishable,  in  pbyaioal  characters,  IVom  tbe  polasaiv 
jt  ia  thrown  down  as  a  precipitate  of  small,  IrHnsparent,  yellow, 
crystals,  when  sal-ammoniao  is  mixed  nilh  chloride  of  piatinom .  .  .  . 
feebly  soluble  in  water,  still  less  so  in  dilute  alcohol,  oud  is  dccauposell  < 
beat,  yielding  spongy  plaljnum,  while  sal-ammoniac,  hydrochloric  Biud,  > 
uilrogcn  are  driven  oSl  Cumpounds  of  platinum  with  iodine,  bronM 
sulphur,  and  phosphorus,  have  been  formed,  but  are  comperaiinty  nid% 


Some  very  extraordinary  compounds  bi 


B  been  derived  Rrom  Iha  protwA 


When  ammonia  in  eia?ss  is  added  to  a  hot  solution  of  the  protochlondo aC 

platinnin  in  hydrochioric  acid,  a  green  cryetnllino  salt  separates  after  »li« 

I   which  ia  quite  Insolnlile  in  wnter,  and  is  not  affected  by  hydreoblono  4 

la   acid,   ammonia,  or  own  a  boiliiig>bot  solution  of  potassa.   W 

"     ■         nss  theffrwn  jflif  o/J/bjfiiiu,  and  01        '         '       '--"-•■^ 


T  PlCl  -f  NH^ 
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Whon  O.a  sbOTB  compound  ia  heated  witb  ooncentrated  nitrio  acid,  it 
becnmca  CJnTBrted  into  a  ifliite,  granulnr,  orjatalline  powder,  which,  on 
ndditioQ  ot  water,  dissolvea,  leuriiig  n  residue  of  metnlUa  plntinum.  The 
aalutiou  yields  on  Btoading.  Bmall,  brUlInnt,  colorlesa  prisma  of  a  substance 
Teij  Bolnble  id  wator,  containing  the  elements  of  prolJiahloride  of  platinum, 
UQiBoiiia,  nitric  acid,  and  an  additinual  aquivulent  of  oijgeii :  — 

PtCl,NjHgO  +  NO,. 
Tba  platinnai  and  chlorine  in  this  euriona  body  are  insensible  to  ordinary 
reageats,  and  ammouia  is  evolved  from  it  only  on  boiling  with  oiiustic  alltali ; 
the  vreeenoe  of  nitric  acid  can  be  detected  immediately  by  gently  heating  n 
email  portion  with  copper-filings  and  oil  of  TJtriol.  Prom  this  Hub'tance  a 
series  of  salt-hko  bodies  can  be  obtained,  some  of  which  have  been  carefully 
■tudied  by  M.  Gros.  Thus,  nhtD  Created  with  hydrochloric  acid,  the  nitric 
BM<1  is  wholly  displaced,  nnd  a  compound  formed  which  crystalliies  in  small, 
traneparcnt,  yellowish  octahedra,  sparingly  soluble  in  boiling  water,  contaioing 
PtCl,  M.H,Cl.  With  sulphuric  acid  if  gives  a.  substance  which  orystallisea  in 
tataO,  slightly  soluble,  colorless  needles,  containing  PlCl,  N^O  -f  80,,  The 
oxalic  acideompouiid  is  white  and  insoluble;  it  contains  FtCl,  N,H,0  4-0,0,. 
Cryatallisable  componnds  containing  phosphoric,  tartaric,  citric,  malic,  formic, 
ftnd  eron  carbonic  acids,  were  obtained  by  similar  means.  The  subslanoeB 
have  very  much  the  cliaraolers  of  saltD  of  a  compound  baac  or  a  gaaii-mBtnl 
eontuning  FlCl,N]H,,  and  which  yet  remains  naknown  in  a  separate  state. 
H-Baewalcy  has  repented  and  extcuded  the  obsorvationa  of  M.  Oroa. 

MM.  Reiaet  and  Peyrona  hn»e  also  described  two  other  basic  bodies  con- 
taining [ilatinum  in  the  same  remarkable  coudition :  tliese  differ  from  the 
preoeding  iu  huing  fl-ee  from  chlorine. 

Protocbloride  of  platinum  put  into  ammonia  becomes  rapidly  converted  into 
■  green  powder,  which,  by  boiling,  slowly  dissolves ;  the  solution,  on  evapora- 
tlon  and  cooling,  famishes  beaatiful  yellowish  crysLtls  of  the  chlorinG-com~ 
ponnd  of  one  of  these  bases,  componniled  of  platinum  and  the  elements  of 
ammama.  The  cryatals  contain  rtN,H,Cl  -f-  HO.  The  equlTalont  of  water 
1b  easily  expelled  by  heat,  and  regained  by  ahsorptiou  from  the  air.  The  green 
Ball  of  Magnna,  boiled  with  ammonia,  yields  the  same  product. 

A  snintion  of  this  substance,  mixed  with  nitruto  of  silver,  gives  chloride  of 
■Qyer  >nd  the  nitrate  of  the  new  base,  which  crystalliies  an  evaporation  in 
floe,  white,  transparent  needles,  containing  PtNjH.O  +  NO^  The  aulphide, 
iodide,  and  bromide  are  all  crystallizable.  Two  oarbooates  exist.  By  adding 
buyta-water  to  a  solution  of  the  sulphate,  or  by  treating  the  chloride  with 
|>FOtazide  of  silver,  and  evaporating  tlie  filtered  liquid  in  vacuo,  a  white,  crys- 
talliDe  deliqaeecent  mass  is  obtained,  which  is  the  hydrate  of  the  base, 
FtNaHaO  -\-  110.  It  ia  almost  comparable  in  point  of  alkalinity  with  potassa 
tUell,  absorbing  carbonic  acid  with  energy,  and  decomposing  ammoniacal 
^ts.  When  this  hydrate  is  heated  to  230"  (llOoC),  it  abandons  water  and 
Mnmonia,  and  leaves  a  grayish,  porous,  insoluble  mass  containing  PtNIIg.0. 
^is  is  probably  an  isomeric  modification  of  the  second  base,  whose  salta  are 
nen  tinned  boluw. 

When  a  solution  of  the  iodide,  PtN,H,T,  is  long  boiled,  it  deposits  a  sparingly- 
■Otable  yellow  powder,  the  composition  of  which  ia  eipreaaed  by  the  formula 
PtNl^i:  thisia  the  ioJioe-componnd  of  asecoud  basic  substance,  FtNH,  ;  and 
from  it  by  double  decomposition  a  scries  of  analogous  aalta  can  be  obtained. 
When  the  iodine-compound  is  treated  with  protoxide  of  silver,  the  base  itself 
U  obtained  in  the  form  of  a  powerfully-alkaline  solution.  The  green  salt  of 
Hagnas  hae  the  same  compusiliun  as  the  chloride  of  this  new  base,  which  is 
yellow  and  soluble  in  boiling  water,  and  may  be  eonrerted  into  it.  The  salts 
Qftbc  first  base  are  generally  convertible  into  those  of  the  second  hy  heat,  and 
I  change  may  also  bo  often  effiMJted  by  ebullition  w'  ' 


PALLADIUM. 

The  subject  of  Uie  plalinun-bnseB  sppears  to  be  bj  no  meam  dli&iiittfi 

^101;  another  rctnnrkable  biuio  cnmpound  aontaining  ammoain  aod  plaSnai^ 
s  been  dieODTered  by  M,  Gorhardt.     The  cbloride  of  Reiaet'a  second  I    " 
ftiihe  DompouDd  PtNH,C1,  when  treated  vith  clilorine,  abaorbs  this  element 
oameB  converted  iota  a,  lemnn-jellow  pnvder  consisting  of  ^mall  octfthedNk 
d  having  the  oompasition  PtNH,Ctr     Boiled  with  Ditroto  of  silrer,  thiasw 
iDce  jiolds  chloride  of  Bilver,  and,  according;  to  the  quantity  of  niMc  m '' 
\   jtreaent,  a  Ball,  PtNH.Oj,  2S0j,  or  PtNH.O,,  NO^  +  SHO.     On  adding* 
ia  (0  the  latter  nitrate,  s  orystniliDC  prcclpitnte  talcea  place,  which  o 
.  of  rtNH^O,  -f  2U0.     This  substance,  which  is  siighllj  soluble  in  w«t 
may  he  viewed  as  the  hydrated  base  exiattog  in  the  bichloride  and  in.! 
nitrates  preriouitly  described. 

The  bichlnride,  or  a  solutioi)  of  binoiide  of  platinum,  can  be  at  odo«  iwi^ 
niied  by  the  jellow  prccipltHte  >ith  sal-ainiDonijul,  decomposable  hyhm 
with  nrodnction  of  sponEv  metal. 


Bichloride  of  platinnm  and  the  Bodio-chloride  of  platioDm  are  prnploj*!] 
knalytieal  inTestigations  to  detect  the  presence  of  polnssia,  and  separtn' 
from  lodn.  For  the  latter  purpose,  the  alkaline  sails  are  oonTert«d  in 
ohlorides,  and  in  this  condition  mixed  with  four  times  their  weight  of  ra 
cbloride  of  platinum  in  crystals,  the  whole  being  disaoWed  in  a  little  wi 
When  the  formnUon  of  the  yellow  salt  appears  complete,  alcohol  is  added,  mt 
Uie  precipitate  collected  an  a  weighed  filler,  washed  with  weak  spirit,  m 
fully  dried  and  weighed.  The  chloride  of  poloasiam  ie  then  easily  rMhoiL^^ 
from  the  weight  of  the  double  salt,  and  this,  subtracted  from  the  weight  of  4 
mixed  chlorides  employed,  gives  that  of  the  chloride  of  sodium  by  different 
100  parts  of  potossio-chloride  of  platinum  correspond  to  3506  parts  of  ol'   " 

Capsules  and  crucibles  of  platinum  are  of  great  value  to  the  chemistr  ' 
latter  are  constantly  used  in  mineral  analysis  for  fusing  siliceoQE  matlerl' 
alkaUne  oarbonales.     They  suffer  no  injury  in  Ihi^  operation,  although  ' 
caustic  olkali  ronghens  and  corrodes  the  metal.     The  experimenler  mm 
particularly  careful  to  avoid  introducing  any  oxide  of  an  eaaily-fumhie  m 
as  that  of  lead  or  tin,  into  a  ptatinom  crucible.     If  reduction  shoold  by  t 
means  occur,  these  metals  will  at  once  alloy  ibemselTes  with  the  platinm 
and  the  Teasel  will  be  destroyed.     A  platinum  crucible  nmst  never  I 
naked  into  a  charcoal  fire,  but  be  always  placed  within  a  covered  e 
ciuoible. 


The  solution  of  crude  platinum,  from  which  the  greotor  pan  of  dnttttWl 
has  been  precipitated  by  sal-am moniao,  is  neutmlised  by  carbonate  of  W) 
and  mixed  with  a  solution  of  cyanide  of  mercury  ;  cyanide  of  palhuliaat  ttf 
rates  as  a  whitish  insoluble  substance,  wliich,  on  being  noshed,  dried,  tl 
beated  to  redness,  yields  metallic  palladium  in  a  spongy  state.  The[i*HMfil 
ia  then  welded  into  a  mass,  in  the  same  manner  as  platinum.  , 

Palladium  closely  corresponds  with  platinum  in  color  and  appearancsj  H 
also  very  malleable  and  ductile.  In  density  it  differs  very  much  from  Hi 
metal,  being  only  11-8.  Palhidinm  is  more  oxidable  Ihnn  pladnnm.  T 
beatcd  to  redoese  ia  the  air,  especially  in  the  state  of  sponge,  ilMqnl 
blue  or  purple  superficial  film  of  oxide,  which  is  again  reduced  at  a  wbiM! 
This  metal  is  slowly  attacked  by  nitric  acid ;  its  best  solvent  is  ajua  I 
There  are  two  compounds  of  palladium  and  oxygen. 

The  equivalent  of  palladium  is  63 '3  j  its  symbol  is  Pd. 
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PkATOziDi  oi  PAtiABiCK,  PdO.  —  Thia  is  obtniineil  by  evoporating  to  drj- 
oaas,  and  cantiaaaly  beaCiag.  tbe  golution  of  pKlliidmm  io  nitric  aoid.  It  is 
black,  and  bnt  tittle  solable  in  acids.  Tbe  bydrate  falls  Qb  a,  dark-brown  pnt~ 
oipilikte  wboti  CHTbonate  of  soda  is  added  to  tbe  aboTe  salation.  It  is  deeom- 
poaed  by  a  strong  beat 

BiNOxiDE  oc  PALLAMBB,  PdO,.  —  Tbfl  pnre  binoiide  is  Tery  difficnlt  t« 
obtain.  Wbcn  solution  of  caustie  potassn  is  poured,  little  by  little,  witb  aon- 
Etant  stirring,  upon  the  double  cblonde  of  palladinm  aud  potassium  in  a  dry 
Btate,  tbe  Utter  is  eonverted  into  a  yellowiab- brown  subBtance,  which  is  Ibe 
binoiide,  in  combination  wltii  water  and  a  little  alkali.  It  is  but  feebly  solu- 
ble iQ  BOida. 

Fbdtocblobidk  of  FALLAniuN,  PdCI.  —  The  soludon  of  the  metal  in  egua 
rtgia  yields  this  imbatance  when  evaporated  to  dryness.  It  is  a  dark-brown 
mass  soluble  in  water  when  the  heat  baa  not  been  loo  great,  and  forms  double 
salts  with  many  metallic  obloridea.  Tbe  poto^sio-  and  ammouio-cbloridea  of 
palladium,  are  much  more  soluble  tbao  those  of  platinum  j  they  have  a 
browniah-jellow  tint.' 

BiCBLoamB  or  palIiATiidh  only  exists  in  solution,  aod  in  combination  with 
the  alkaline  chlorides.  It  is  formed  wbec  tbe  protochloride  of  palladium  is 
digested  in  ogua  regia.  The  solution  has  an  intensely  brown  color,  and  is 
deoomposed  by  evaporation.  Mixed  with  chloride  of  potassium  or  sal-ammo- 
nlao,  it  gives  rise  to  a  red  oryslaJlino  precipitate,  wbicb  is  hot  Little  solable 


A  palladiaDt-salt  is  well  marked  by  the  pnle  yellowish-white  precipitate 
with  solution  of  cyanide  of  mercury,  convenible  by  heat  into  the  spongy 
metal.     This  precipitate  is  a  double  salt,  having  the  formula  FdCy,HgCy,UO. 

Palladium  is  readily  alloyed  with  other  metals,  as  copper ;  one  of  these 
sompoDDds,  namely,  tiio  alloy  with  silver,  baa  been  appbed  to  useful  pur- 
poses. An  amalgam  of  palladinm  is  now  eitensivety  used  by  dontifitfl  for 
Stopping  teeth. 

A  native  alloy  of  gold  with  palladium  is  found  in  tbe  Braiils,  and  imported 
into  England. 


The  eolntion  from  which  platinum  and  palladium  have  been  separated  in 
tlie  manner  deacribed  is  mixed  with  hydrochloric  acid,  and  evaporated  to  dry- 
ness. The  residue  is  treated  with  alcohol  of  specific  gravity  0837,  which  dis- 
solves everylhtQR  except  tbe  double  chloride  of  rhodium  and  sodinm.  This  is 
Well  washed  with  spirit,  dried,  healed  to  wbiteness,  and  then  boiled  with 
water;  chloride  of  sodiam  is  dissolved  out,  and  metallic  rhodium  remaini. 
Thus  obtained,  rhodium  is  a  white,  coherent,  spongy  masa,  which  is  mora 

alEbsa  >1tb  uDBumla  results  rtmilar  U,  thone  obt^oed  with 
IE  K  toleri.bly  concenlntea  nluUoQ  of  chloride  of  iial[Bdiam 
a  HmpouDd  ia  fimned  conUlnlng  PdCl-t-NHt.  Wben  tbli 
i°  (lOO^C),  dry  to  aeao  (a»o  C),  it  la  ch.og«l  into  anoth™  body, 

... .i  the  bjise  pHlladrunltie.    A  lalt  of  pallidtmlDe  i«  Ibrmed  wben 

prmlpltnted  by  aiDiiii>tiEa,  tbe  nieripiUte  diBsolved  lu  excess  of  ammo- 

-'-'^■---  — "■-  hydrDcblDiio  add.    Tb*  ahlorUH  pf  pblladamiDe,  tbne 

piwipltnle.    Palltdamlu,  NPdHi,  O,  may  bs  obt^Ded 

lie  carboaale,  snlpbale,  nitrate,  so]pbide,Iiiiliaa,hioDiida, 

I  fnnn<>d.    MUller  Dim  Dbtdoed  anotber  conpocbdty 


i 
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^^B  fahribteKBd  1*m  capable  of  bdnf  mldcd  tli«n  platiiram.    lt«  mmrffa  pnHJ 

^^M  nrics^m  10-6toll. 

^^H^  Rbodinm  ii  tctj  brittle ;  r«liic«d  to  povdrr  ukd  healed  ii 

^^^k  eomca  oxidiird,  and  tbe  Hme  altcnUiiai  happcna  Id  ■  ^naier  extent  nba  it 

^^^B  b  fwed  vith  nitrate  or  bimlphate  of  potawi.     Kone  of  the  aeidi,  riD|ljW 

^^^B  •oojoinad,  diseolTc  this  metal,  niileas  it  be  in  tbe  Kale  of  alloj.  u  Kith  ^iA< 

^^^H  BOin,  in  which  il  is  attacked  b;  ajua  n^ta. 

^^^P        Tha  eqoiTalent  of  rhotiinBi  ia  52*2:  tta  ijmbol  is  R. 

tbodiuni.     It  is  but  liltle  known. 

Sbbqcioxidi  or  bbodivk,  E/)^  —  Finelj-powdered  melalUe  rhodira) 
bealed  in  a  eilier  erueible  with  a  miztDre  of  hydrate  of  potaesa  and  nltr 
foicd  masB  boiled  with  water  Imes  a  dark-brown  insolable  Babetanei 
rilting  of  Mflqnioiide  of  rhodiom  in  nnion  with  potassa.      Th 
with  hydrochloric  acid,  which  remoies  tbe  pota^^a,  and  teares  a  _ 
bjdrate  of  tbe  Ee«qnioiide  of  rhodium,  insolable  in  acids.     A  soluble 
oalibn  of  tbe  same  Babatance,  retaining,  briwever,  a  portion  of  alkali,  may 
bad  by  adding  an  excess  of  carbonate  of  potassa  to  the  double  cbiorid* 
rbodiam  and  polaaaiam,  and  eTsporaCing. 

BiaQCiCKLOBiDi  or  BHODirH,  B.C1,. — Tbe  pure  Ksquichloride  is  . 
by  adding  bydroflnosilicio  acid  to  tlie  double  chloride  of  rhodium  and 
Kom,  eraporating  tbe  filtered  eolotion  to  drynesa,  and  dissolving  the  it 
in  water.     It  forms  a  brownish-red  deliquescent  mass,  soluble  in  water, 
a  due  red  color.    It  is  decomposed  by  heat  into  chlorine  and  metnllio  rboi.  . 
The  chloride  0/  rhodium  and  polaiaum,  B,CI,  -|-  2RC1  -|-  2HO,  is  prepared^ 
heating  in  a  stream  of  chlorine  a  mixture  of  equal  parts  of  finely-powl' 
Tbodium  and  chloride  of  potassium.     Tbe  ebU  has  a  fine  red  color,  ia  so 
in  water,  and  crystallixea  in  4-sided  prisms.     Chloridt  of  Tkodiunt  andK 
it  also  n  very  beautiful  red  salt,  obtained  by  a  similar  prooosa;  it  oob 
B,CI,  -(-  3NaCl  -{-  18110.     Tbe  Moridc  of  rhodium  and  ammormm  recu 
ib«  potasstnm-compoQiid. 

fiuLrBATK  or  BHODiirH,  E,Oj.380,. — Tbe  sulphide  of  rbodiom,  obluotd! 
precipitating  one  of  the  salts  by  a  eolable  sulphide,  is  oxidized  by  d 
nitrio  acid.  Tbe  product  is  a  brown  powder,  nearly  insoluble  in  tutric- 
bnt  dissolved  by  water;  it  cannot  be  made  to  orjBtalliie.  SulphaU  o/rjU 
and  poloaium  is  produced  when  melflllie  rhodium  ia  strongly  heatad 
bisulphate  of  potassa.     It  ia  a  yoUow  salt,  slowly  soluble  in  oold  wRter. 


When  crude  platinum  is  dissolied  in  aqua  rtgia,  a  small  qnnntity  of  a  | 
scaly  metallic  substance  usually  remains  behind,  hating  altogether  reeil 
the  action  of  tbe  acid:  this  is  a  natiie  alloy  o(  iridium  sod  oimium;  i' 
reduced  to  powder,  mixed  nith  an  equal  weiKht  of  dry  chloride  of  sodium,! 
heated  to  rodness  in  a  gUss  tube,  through  which  a  stream  of  moist  cbloiip 
goB  is  transmilled.  The  farther  extremity  of  tlie  tube  is  ooimeoted  iritta. 
reeelier  containing  solution  of  ammonia.  The  gas,  nnder  these  ciroumstal 
is  rapidly  abeoibed,  ohluride  of  iridium  and  chloride  of  osmium  bong 
duced  :  the  former  remains  in  combination  with  tbe  chtorido  of  sodium; 
latter,  being  a  xolaOle  suhatanoa,  ia  carried  forward  into  the  reoeiTer,  w 
II  is  decomposed  by  the  water  into  osmio  and  hydrochloric  acids,  which  t 
bine  with  the  alkali.  The  contents  of  the  tubo  when  cold  are  treated  1 
irater,  by  wbioh  the  double  chloride  of  iridium  and  sodium  is  dissolred  1 


tlus  IB  miied  nitli  an  eict>sa  of  carbonata  of  soda,  ani)  eTaporaWd  to  dr;ni>sa. 
The  residue  ia  ignited  in  a  crucible,  boiled  nith  wnler,  and  dried ;  it  then 
Donsists  cf  a  mixture  of  sesquioxide  of  iron,  and  n  combiQation  of  oiide  of 
Iridium  with  soda;  it  U  reduced  bj  hydrogGU  at  a  high  teni; eratnre,  tkod 
treited  BuocosBiToIy  with  water  and  strong  hjdrochlorio  acid,  by  which  ths 
alkali  and  the  iron  are  remoTed,  while  metallic  iridium  ia  left  in  a  diiided 
state.  B;  strong  pressure  and  exposure  to  a  white  beat,  a,  oertain  degree  of 
cgmpactDDSB  ma;  be  communicated  to  the  matal. 

Indium  is  a  white  brittle  metal,  fusible  with  great  difficnUy  before  the  0x7- 
lljdrogeD  blowpipe.'  It  is  not  attacked  by  an  aeid,  but  is  oxidized  bj  ftiaioD 
with  nitre,  and  by  ignition  to  redness  in  the  air. 

The  equiTiilent  of  iridium  is  99.     lis  symbol  is  Ir. 

Oxiuifl  OF  iBiDJUH.  —  Four  of  Iheso  cumpounda  are  described.  Frotoxidt 
of  iridium,  IrO,  ia  ■prepared  hy  adding  caustic  alkali  to  the  protochloride,  and 
digesting  the  preoi|Litate  in  on  noid.  It  is  a  heaiy  black  powder,  insoluble  in 
BtddB.  It  may  bo  h.id  in  the  state  of  hydrate  by  precipitating  llie  protochlo- 
ride of  iridium  and  sodium  by  caustic  potaasa.  The  hydrate  is  solublo  in, 
■cida  irith  dirty  green  color.  Saguioxide,  IrgOg.  is  produced  when  iridium  is 
heated  in  the  oir,  or  wilh  nitre  ;  it  is  heat  prepared  hy  fusing  in  a  silver  cm- 
nble  a  mixture  of  oarbonate  of  potassa  and  the  terchloride  of  itidiam  and 
potMsinm.  and  boiling  the  product  with  water.  This  oxide  is  bloiah-black, 
and  is  quite  insoluble  in  a«ids.  It  is  reduced  by  combustible  sabstanCBi  with 
Mcplosion.  Binoxide  of  iridiam,  IrO^  is  unknown  in  a  separate  state;  it  is 
Hopposed  to  exist  in  the  sulphate,  produced  when  the  sulphide  is  oiidijed  by 
nitnc  aeid.  A  solution  of  sulphate  heated  with  excess  of  alkali  evolves  oxygen 
KM,  and  deposits  sesquioxide  of  iridium.  Teroxide  of  iridian.  IrOg,  is  pro- 
dooed  when  carbonate  of  potassa  is  gently  heated  wilh  the  terchloride  of  iri- 
dinm ;  it  forms  a  grayish-yellon  hydrate,  which  cantains  alkali. 

Cbiabideb  of  miDiuM.  —  Prolochloridt,  IrCl,  is  formed  whoti  the  metal  is 
brongbt  in  contact  with  chlorine  at  a  dull  red-heat;  it  ia  a  dark  oliTe-green 
insoluble  powdor.  It  is  diasolved  by  hydrochloric  acid,  and  forms  double 
salts  with  the  alkaline  chlorides,  which  have  a  green  color.  The  taguichlo- 
ride,  Ir^l,,  is  prepared  by  strongly  heating  iridium  with  nitre;  adding  water 
and  ebough  nitric  acid  to  saCurato  the  alkali,  warming  the  mixture,  and  then 
diasolving  the  precipitated  hydrate  of  the  sesqaioiido  in  hydrochloric  acid,  it 
forms  a  dark  yellowish-brown  solution.  This  substance  combines  with  metollio 
ohlorides.  Bithlorida  of  iridium  is  obtained  in  solution  by  adding  hydroSno- 
ailicio  acid  to  the  bichloride  of  iridium  and  potassium,  formed  when  chlorine 
IB  psMed  over  a  heated  mixture  of  iridium  and  chloride  of  potassium.  It 
forma  with  metallic  chlorides  a  number  of  double  salts,  which  resemble  the 
platiiium-compouads  of  the  same  order.  Tirehloride  of  iridium,  IrCL,  ia 
unknown  in  a  separate  state.  Terchloride  of  iriditim  and potasiirtm  is  obtained 
by  heating  iridium  with  nitre,  and  then  dissolving  the  whole  in  aqua  ngia, 
and  evaporating  to  dryness.  The  excess  of  chloride  of  potassium  may  be 
extracted  by  a  small  quantity  of  water.  The  cryatalliied  salt  has  a  beautiful 
red  color.  The  variety  of  tints  exhibited  by  the  different  solublo  compounds 
of  iridium  is  very  remarkable,  and  suggested  the  name  of  the  metal,  from  the 

Platinum,  palladium,  and  iridium  combine  wilh  carbon  when  heated  in  the 
flame  of  a  spirit-lamp  ;  they  acquire  a  covering  of  scot,  which,  wheu  burned, 
laBTes  a  kind  of  skeleton  of  spongy  metal. 

Id  PneKKr  lUn,  bilDt 
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W.  Clans  linB  described  nnder  thU  miine  b  neir  metal  contuined  il 
^eeiiluo  frDiii  crudo  platinum,  inaolublD  in  aqua  rrgia.  It  closely  resemblii 
Iridium  in  its  generrti  aharooters,  bat  jet  poasessea  distinctiio  featnreB  of  iW 
awn.  It  was  obtaiaed  in  the  form  of  HmaU  angular  masSBS,  witli  perfut 
■etallio  lustre,  Tery  brittle  and  infnaible.  Its  specific  gravity  ia  8'6.  " 
ruists  the  action  of  acids,  but  oiidiies  readily  when  beaCed  in  the  air. 

The  equivalent  of  mthanium  is  52'2,  and  its  symbcl  Ru. 

OxinBa  OF  BUTHENinK.  —  Protoxide  of  rulhtniam,  RuO,  is  ft  grayish-Uul 
ootallic-looking  powder,  obtained  by  healing  bichloride  of  rDtbenium  «"' 
taaesa  of  carbonate  of  soda  in  a  Btreom  of  oarbonio  acid  gas,  and  then  wa 
iag  away  the  soluble  saline  matter.  It  is  insoluble  in  acids.  The  tagvAmil. 
BotOy  in  the  anhydrous  condition,  ie  a  blnish-blaok  powder  formed  by  hen 
It^  the  metal  in  the  air.  It  ia  also  precipitated  by  alkalies  from  the  sesqri 
chloride  as  a  blaokish -brown  hydrate,  soluble  in  acids  with  orange-ytllgl 
color.  The  binoxidi,  EnO^  is  a  deep-tjloe  powder,  proeurod  by  roaatiiig  ^ 
bimlphide.  A  hydrate  of  this  oiidc  ia  known  in  an  impure  oonditioa.  il 
ae^  of  rutbeninm  is  also  supposed  to  exist. 

SujuKhloridt  0/  rulhmium,  Ea,Cl^  ia  an  orange-yellow  solable  sail 
BitilBgent  taste ;  when  the  aolation  ia  heated  it  beoomea  green  and  Gni 
bine,  by  reduodon,  in  all  probability,  lo  protochloride,  Seaqiiichlaiidc 
tuthajium  forms  doable  salts  with  the  chlorides  of  potaasium  and 


;1 


The  wlaUon  of  osmic  acid  in  aiDmonia,  already  laenlioned,  la  gently  hi 

for  some  time  in  a  loosely- stopped  vessel ;  its  original  yellow  color  bee 

darker,  and  at  length  a  brown  precipitate  falls,  which  is  a  combination  of  i 
Heaqnioilde  of  oamium  with  ammonia ;  it  results  from  the  reduction  of  lU 
oamic  acid  by  the  hydrogen  nf  the  volatile  alkali.  A  little  of  the  precipitalv 
Is  held  in  eolotion  by  the  sal-ammoniae,  but  may  be  recovered  by  hsalJag  tlit 
dear  Uquld  with  caustic  potassa.  The  brown  suhstanoe  ia  dissolved  in  hydiM 
ahlcric  aoiii,  a  little  chloride  of  ammonium  ia  added,  and  the  whole  evapomtai' 
to  dryneaa.  The  residue  is  strongly  hented  in  a  amall  porcelain  retortj  OM 
oxygen  of  the  oxide  combines  with  hydrogen  from  the  ammonia,  rnpoTof 
water,  Lydrocblorio  aoid,  and  sal-nmmoniac  are  expelled,  and  osminm  left 
behind,  as  a  grayiith  porous  mass,  having  metallic  lustre. 

In  the  moHt  compact  state  in  which  this  metal  can  bo  obt^ned,  il 

bluiah-wbite  color,  and  although  somewhat  flexible  in  thin  plates,  ia  yet  etiUf 

reduced  to  powder.     Its  specific  gravity  is  10 ;  il  is  neither  fusible  nor  vola-. 

'   tile.     It  bums  when  heated  to  redneas,  yielding  oamic  sold,  which  volaOliMa 

I    Osmato  of  potaaaa  ia  produced  when  the  metat  is  fuaed  with  nitre.     Whea  El 

%  finely-divided  atate,  it  is  oiidizod  by  atrong  nitric  acid. 

The  equivalent  of  osmium  ia  99'6i  its  symbol  is  Os. 

Oxides  of  oshiuh.  —  Five  compounds  of  oamium  with  oxygen  are  knon 
Protoxide,  OaO,  ia  obtained,  in  combination  with  a  little  alkali,  when  oaaat'~ 
potassa  is  added  to  a  solution  of  protochloride  of  osmium  and  potassium. 
IB  a  dark-green  powder,  slowly  soluble  in  acids.  Stifuioxidt,  OsJ}^  il 
already  been  noticed ;  it  is  generated  by  the  dooxidation  of  osmate  of  anuDi 
Dia;  it  ia  black,  and  but  little  soluble  in  aoida.  It  always  contains  ammMUl. 
■nd  explodes  feebly  when  heated.  Jiinoxida  of  oimium,  OsO^  is  prepared  lif- 
■trongly  heating  in  a  retort  a  mixture  of  carbonate  of  soda  and  of  the  blebk- 
ride  of  osmium  and  potassium,  and  treating  the  residue  with  water,  and  afttC 
warda  with  hydrochloric  acid.  The  hinoxido  is  a  black  powder,  insolublB  il 
aoida,  and  burning  to  osmio  acid  when  heated  in  the  air.    Oimiout  acid,0^ 
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is  known  only  in  combination  On  adding  alcohol  to  a  solution  of  osmate  of 
potassa,  the  alcohol  is  oxidized  at  the  expense  of  the  osmic  acid,  and  a  rose- 
red  crystalline  powder  of  osmite  of  potassa  is  produced.  On  attempting  to 
separate  the  acid,  it  is  decomposed  into  the  binoxide  and  osmic  acid.  Osmic 
add,  OSO4,  is  by  far  the  most  important  and  interesting  of  the  oxides  of  this 
metal.  It  is  prepared  by  heating  osmium  in  a  current  of  pure  oxygen  gas ; 
it  condenses  in  the  cool  part  of  the  tube  in  which  the  experiment  is  made  in 
colorless  transparent  crystals.  Osmic  acid  melts  and  even  boils  below  212® 
(100®C) ;  its  vapor  has  a  peculiarly  offensive  odor,  and  is  exceedingly  irri- 
tating and  dangerous.  Water  slowly  dissolves  this  substance.  It  has  acid 
properties,  and  combines  with  bases.  Nearly  all  the  metals  precipitate 
osmium  from  a  solution  of  osmic  acid.  By  the  action  of  ammonia  on  osmic 
acid,  a  new  acid  has  been  formed,  containing  osmium,  nitrogen,  and  oxygen ; 
it  has  been  called  osman-osmic  acid  or  osmamic  acid.  Some  doubts  exist 
respecting  the  formula  of  this  substance.     It  produces  salts  with  many  bases. 

ChloridbS  op  osmium. — Frotochloridey  OsCl,  is  a  dark-green  crystalline 
substance,  formed  by  gently  heating  osmium  in  chlorine  gas.  It  is  soluble  in 
a  small  quantity  of  water,  with  green  color,  but  decomposed  by  a  large  quan- 
tity into  osmic  and  hydrochloric  acids  and  metallic  osmium.  It  forms  double 
salts  with  the  metallic  chlorides.  The  sesquichloride,  OsgCl,,  has  not  been 
isolated;  it  exists  in  the  solution  obtained  by  dissolving  the  sesquioxide  in 
bydrochloric  acid.  Bichloride,  OsClg,  in  combination  with  chloride  of  potas- 
jium,  is  produced  when  a  mixture  of  equal  parts  metallic  osmium  and  the 
jist-named  salt  is  strongly  heated  in  chlorine  gas.  It  forms  fine  red  ootahe* 
iral  crystals,  containing  OsClg  -|~  ^C^* 

Osmiom  combines  also  with  sulphur  and  with  phosphorus. 
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Oboanio  subatsDceB,  vbtther  directly  dcriTed  rrom  [lie  vegetable  w  u 
kJigdom,  or  produced  hy  tbe  Bubaoqueat  mmlification  of  bodies  nhiflb 
originiiitfl,  are  remarkable  na  n  claga  for  a,  degree  of  compleiily  of  eaaatit 
tax  eiceeding  Ibat  observed  id  unj  of  the  componndB  ;et  deBOribed.   And 
ttie  number  of  elementB  which  enter  into  the  composition  of  these  sabUM 
U  eitremelf  limited;  very  few,  comparstivel;  speaking,  catitain  mare  I 
four,  viz.,  carbon,  hjdrogcn,  oxygen,  and  nitrogen;  sulpbur  and  phosphi 
are  occasionally  assooiated  wicli  these  In  eertain  natiinil  prodncte ;  uid  e 
pounds  contuinlng  cblorine,  bromine,  iodine,  arsenic,  anlimonj,  lioo,  I 
have  heea  formed  by  artifioia!  means.     This  pancltj  of  elementsrj  boi^ea 
oompezisatfld  by  the  very  pecnliar  and  extraordinary  properties  of  the  II 
first-mentioned,  whioh  possess  capabilities  of  combination  to  irkieli  the 
mDining  elsmenta  are  strangers.     There  appears  to  be  absolntely  no  limit 
the  Dumber  of  definite,  and  often  crystallixable,  substances  wbich  oui  be  ti 
generated,  each  marked  by  a  perfect  individuality  of  its  own. 

Tbe  mode  of  association  of  the  elements  of  organic  substances  is  in  gent 
altogether  different  fVum  tliat  so  obviuas  in  the  other  division  of  the  ann 
The  latter  is  invariably  characterized  by  nhat  may  be  termed  a  Mnarg  p 
of  combination,  union  taking  place  between  pain  of  elements,  and  the  v 
pounds  so  produced  again  uidting  themselves  to  other  compound  bodisft 
the  same  manner.  Thus,  copper  and  oxygen  combine  to  oxide  of  <»p{ 
potassinm,  and  oxygen  to  potnssa,  sulphur  and  oxygen  to  sulphurio  aoid;l 
phuric  acid,  in  its  turn,  combines  both  with  oxide  of  oopper  and  oiidS. 
potiLBSiam,  gpneratint;  a  pair  of  salla,  which  are  again  capable  of  QiitiDg 
farm  tbe  double  aompound,  CaO,S(^-t-  EO,SO^ 

The  most  complicated  products  of  inorganic  chemistry  may  be  thus  At 
to  be  built  up  by  this  repeated  pairing  on  the  part  of  their  consd'  " 

orgauio  bodies,  however,  the  case  is  strikinglj  different ;  no  sncl: 
can  here  be  traced.  In  sugar  CuH„0„,  or  morphine,  C^Hi^NOi, 
of  bitter-almond  oil,  C„H,0,.  and  a  multitude  of  similar  cases,  the  eleuc 
concerned  are,  as  it  were,  bound  up  together  into  a  single  whole,  which  i 
enter  into  combination  with  other  substances,  and  bo  thenoe  disengaged  1 
properties  unaltered. 

A  curious  cont^equence  of  this  pecalinrity  is  to  be  found  in  the  oomparath 
iatlabtt  character  of  organic  compounds,  and  their  general  proneneta  to 
•omposition  and  change,  when  the  balance  of  opposing  forces,  to  which  ll 
owe  their  existence,  becomes  deranged  by  some  eiterDal  cause. 

If  a  complex  inorganic  substance  be  attentively  considered,  it  will  usoi 
found  that  the  elements  are  combined  in  such  a  manner  a,s  to  satiei^  i 
(331) 
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BOBt  powerful  affinilioB,  and  to  give  riBO  to  fi  stitB  of  very  oonsideiable  per- 
tnuiience  and  durabllily.  But  in  the  case  of  no  organic  BubElaoce,  contitining 
tliree  or  four  elsments  aaseCiiited  in  tbo  wiiy  duscribod,  tbia  is  vcrj  far  trata 
being  true:  Iba  curbon  siid  ui;gen  strongl;  tend  to  anite  to  form  carbaoio 
Kcid  ;  the  bydrogen  iind  oiygeti  attract  eacli  otber  in  a  powerful  muDoer ;  and 
tbe  nitrogen,  if  tbat  body  be  present,  bIbo  oontribotes  its  Bhnie  to  tbese  in- 
ternal Eourcea  of  weakaeas  b;  its  diBposition  to  generate  ammonia.  While 
the  opposing  forces  remnin  eiacttj  bulunac<l,  tbe  integrity  of  tlie  compound 
is  preserved ;  but  tbe  raotuent  one  of  them,  from  Boine  accidental  canBe,  oc- 
qnires  preponderance  over  tbe  rest,  equilibrium  is  deslruyeil,  and  tbe  Qi^anio 
principle  breakB  up  into  two  or  more  nen  bodies  of  simpler  and  more  por- 
maneut  constitution.  The  agency  of  beat  produces  this  effect  by  exalting  the 
attraction  of  oxygen  for  hydrogen  and  oarboa ',  hence  tbe  almost  universal  de- 
structibility  of  orguTiio  eubstancea  by  a  high  temperature.  Mere  moleeular 
dJslurbaDce  of  any  kind  may  cause  destruetion  when  tbe  instability  is  very 
great. 

As  a  general  rule,  it  may  be  assumed  that  those  bodies  nhioh  are  most 
OOmploz  from  the  uumber  of  elements,  and  the  want  of  simplicity  in  their 
equivalent  relations,  are  by  constitution  weakest,  and  least  capable  of  resist- 
ing the  action  of  dislurbing  forces;  and  that  this  susceptibility  of  change  di- 
miniithes  vrith  increased  simplicity  of  Binicture,  until  it  reaches  its  minimum 
in  those  bodies  which,  like  tbe  carbides  of  hydrogen,  like  cyanogen,  and 
OKlJIo  acid,  connect,  by  imperceptible  gradations,  the  organic  and  the  mineral 
deiAFtments  of  chemical  Bcionce. 

The  definite  organic  principles  of  the  vegetable  and  animal  kingdoms  form 
hat  a  very  aiunll  proportion  of  tbe  immense  mnsa  of  compontids  included 
iritbin  the  domain  of  organic  cliemistry :  by  far  tbe  greater  number  of  these 
we  produced  by  modifying  by  suitable  means  the  bodies  furniiibed  by  the 
plant  or  the onimal,  and  which  have  iheiiiBeWes  been  formed  fiom  tlie  elemcnta 
of  the  air  by  processes  for  tlie  most  part  unknown,  onrried  on  under  tbe  con- 
trol of  vitality.  Unlike  theBe  latter,  tbe  artificial  modificiitions  referred  to, 
Vj  oxidation,  by  the  action  of  otber  powerful  reagents,  by  tbe  influence  of 
best,  and  by  numerous  utbor  aonrces  of  disturbance,  are,  for  the  moat  part, 
libaiigea'of  descent  in  order  of  complexity,  new  products  being  thus  generated 
more  simple  in  consdtution  and  more  stable  in  obaructer  than  the  bodies  from 
Wliiah  they  were  derived.  These,  in  turn,  by  a,  repetition  of  such  treatment 
Dnder  perhaps  varied  circumstances,  may  be  broken  up  into  otber  and  still 
simpler  orguidc  combinations  ;  until  at  length  the  binary  compounds  of  inor- 
gania  ohemistry,  or  bodies  so  allied  to  them  that  they  may  be  placed  indilfe- 
rsntly  in  either  group,  are  by  such  means  reached. 

Orgame  lahiiitutiott-producta  :  Law  of  Subititalion. — The  study  of  the  fiodon 
of  chlorine,  broiniue,  iodine,  and  nitric  acid,  upon  various  organic  substances, 
haa  led  to  tlie  diacoverj  of  a  very  remarkable  law  regulating  the  formation 
of  oblorinetted  and  other  analogous  compounds,  which,  without  being  of 
neceasitj  absolute  in  every  case,  is  yet  of  sufficient  generality  and  importance 
to  require  careful  conBideration.  This  peculiar  mode  of  action  consists  in  the 
rcplacemeot  of  tbo  hydrogen  of  the  organic  substance  by  chlorine,  bromine, 
iodina,  the  olamonls  of  hyponitric  acid,  and  more  rarely  other  anbsljinces  of 
■he  same  class,  eijulvalent  for  equivalent,  without  the  deatruction  of  the  pri- 
mitive type  or  constitution  of  tbe  compound  so  modified.  Tbe  hydrogen  thus 
removed  takes  of  course  the  form  of  hydrochloric  or  hydrobromio  acid.  &c., 
or  that  of  water,  by  combination  with  another  portion  of  tbe  active  body. 
Strange  as  it  may  appear,  and  utterly  opposed  to  the  ordinary  viewa  of  the 
fuDoliona  of  powerful  salt-radicals,  this  loss  of  hydrogen  and  assumption  oi 
the  new  element  do  jiclually  oocnr  with  a  great  variety  of  suhstaticea,  belong- 
'ng  to  different  groups,  with  cotaparatively  triSing  disturbance  of  pbysiob] 
uiil  obemical  properties;  tbe  power  of  saturation,  the  deuail;  of  <ib«  '<«.'f|<n. 
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■nd  otLi^r  peonliariliea  af  the  Drigiunl  ^ubstnnes  remain  tbo  same,  mint  tht 
mixliflontiun  tlie;  mai;  sntfer  rroin  the  differenvo  of  the  equiviLleat  weights  of 
faydrogcn  and  the  bod;  b;  which  it  is  repluccd.    ' 

This  change  rnny  take  placo  bj  ee»e™l  sucoesaiTe  ateps,  giving  rie*  to  l 
■eries  of  suhatitulinD-coDipoundB,  whiah  dopurt  more  Dnd  more  in  properM 
from  the  original  aubatance  with  each  xuacesaiTe  increase  in  the  proportlai 
of  the  roplaoing  body.  The  substitution  may  aren  be  total,  the  utele  of  ttf 
hydrogen  being  ioat,  and  its  place  sapplied  by  a  aimilar  number  of  equinlen^ 
of  the  new  element.  And  e»Bii  iu  those  eitroma  onBea,  of  Tory  oommoii  «■ 
currence,  honeier,  with  one  dinar  of  BahatsnceE,  tbe  resulting  compoand  n- 
tains  generally  the  stamp  of  its  oripn. 

Allhifugb  Dumeroug  eiamplea  of  these  changes  will  be  found  doaclibtd  h 
detail  iu  the  fallowing  pages,  it  will  be  well  perhaps  to  mention  here  ti 
'  ree  cases  b;  way  of  illustration. 

Duloh-liquid,  the  compound  formed  by  the  trni 
Bniit  ^ns  and  chlorine,  containing  C^H^Cl^  is  affected  by  ohlor 
|d  the  law  of  snbatitotion ;  one.  two,  three,  or  four  eqaiTalentB  of  itjAnS 
tieing  BUGoessiTely  removed  by  the  prolonged  action  of  tbe  gas  aided  b;  t% 
'ihine,  and  one,  two,  three,  or  four  equivolenls  of  chlorine  introduced  in  pll 
■pf  tbe  hydrogen  withdrawn  as  hydrochloric  aoid.     In  tbe  last  produel,  I 
Ksqu  I  chloride  of  carbon,  C,C1(,  the  replacement  is  tolnl ;    the  intenaeiBi 
pruiliiclti  are  volatile  liquids  not  differing  very  much  in  general  charut 
from  Dutch-liquid  itaeK.     A  great  number  of  compound  ethera  of  the  etiij 
apd  methyl-  aeriea  are  attacked  b;  chlorine  and  bromine  in  a  similar  monnrft 
indeed,  the  majority  of  the  examples  of  the  law  in  quosdon  are  to  be  fbmi' 
in  tlie  history  of  this  cliise  of  bodies. 

Concentrated  acetic  acid,  placed  in  a  Tesscl  of  dry  cbtor^ne  and  sxpMil' 
tbe  aun,  girea  riae  lo  cMoracelic  add,  containing  0,C\fiy  00.  aJid  in  <  " 
nonseqiiently  the  whole  hydrogen  of  the  real  acid  is  replaced  by  cbl) 
Ohloracetie  acid  ia  a  stable  substance,  of  strong  acid  characters,  andfo 
aeriea  uf  sails,  aome  of  which  bear  no  alight  resemblance  to  the  in 


lasio  Bubstitntion-produois  hav 
kronaniliae,  and  iodaniline  aro  the 
found  fully  described  in  tbo  section 

The  action  of  fuming  nitric  acid  upon 
Indeed  gives  rise  to  sutetitution-produc 


leea  likewise  obtained;  Man 
it  striking  examples.  These  « 
organic  bases. 

a  organic  substances  very  com: 
j  containing  the  elements  uf  hyp( 
leld,  NO,,  ill  place  of  hydrogen.     The  be nzoyl-com pounds,  and  several  of  < 
essential  oils  natural  and  derived  from  resins,  will  be  found  lo  futoidi  DT^ 
trationa.  «^— 

In  t'lirmulie  rcprcacnting  substitution-compounds  retaining  sotne  hytbugj 
the  practice  is  often   adopted  of  plajiing  tbo  Bubsdtuting  body  be 
lii'side  this  residual  hydrogen,  and  uniting  them  by  a  bracket  on  ei 
Tlius,  tbe  formula  of  the  first  two  priSucts  of  tbe  action  of  chlAliM' 
Diilch-llquid  are  thoa  written  :  — 


^••{Sf} 


Clp  and  C. 


;". 


.CI,  orC,  (H,Cl}Cl,BndC,  (H^yCI, 

And  pyroiylin.  or  gun-cotton,  which  is  supposed  to  be  a  substitution -|M1 
from  lignin,  Cf^H^Oj,.  baving  five  equivalents  of  hydrogen  replaced  bfi 
ants  of  hypouitrio  acid,  will  aland  : — 
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Kmong  ita  most  strikiag  and  peculiar  features.  Every  year  brin^  tu  light 
tree}i  eiampluB  of  aompouiidB  bo  related.  In  most  oases,  diaoordsnce  in  pro- 
perties is  fairly  and  properly  asoribed  to  difToceooe  of  constitution,  tlie  ele- 
meats  being  dilfereutly  arranged.  For  inBtauce,  formic  ether  and  aoetate  of 
methyl  are  isomeric,  both  contaiaing  C,H|Oj;  but  then  the  first  is  Hupposed 
to  consist  of  forinia  acid,  C^HO,.  combined  witii  etlier,  C,HgO ;  while  the  aeoond 
IB  inutgined.  in  aocardanoe  vith  the  same  views,  to  be  made  up  of  acetic  acid, 
C^Bfpf,  and  the  ether  of  wood-spirit,  C,UsO.  And  this  method  of  eipluna- 
tlon  IB  generally  sufficient  and  satisfaetory ;  when  it  can  bo  shown  that  a  diffe- 
rence of  constitution,  or  erea  a  difference  ia  the  equivalent  numbers,  exists 
between  two  or  more  bodies  identical  in  nltimato  compositiop,  the  reaso^of 
their  discordant  characters  becomes  to  a.  certain  extent  intelligible.  ■ 
.  The  Bctioa  of  heat  on  organic  substances  presents  many  important  and 
Interesting  points,  of  which  a  few  of  the  more  prominent  may  be  noticed. 
Bodies  of  simple  constitution  and  of  some  permanence,  which  do  not  sublime 
aachaDged,  as  many  of  the  organic  acids,  yield,  when  exposed  to  a  high,  but 
regulated  temperature,  in  a  retorC(  new  compounds,  perfectly  definite  and 
often  crystal lizable,  which  partake,  to  a  certain  extent,  of  the  properties  of 
the  original  substance;  the  numerous  pyro-acids,  of  which  many  examples 
Will  Occar  in  the  succeeding  pages  are  thus  produced.  Curbuuic  acid  and 
water  are  oflan  eliminated  under  these  cironmslances.  If  the  heat  be  sud- 
denly raised  to  redness,  then  the  regularity  of  the  decomposition  vanishes, 
wllile  the  products  become  more  uncertain  and  more  nnmerons ;  carbonic  acid 
Mid  watery  vapor  are  succeeded  by  infiammable  gases,  as  oarbonic  oxide  and 
(HUlianetted  liydrogen;  oily  matter  and  tnr  distil  over,  and  increiise  in  quan- 
Utj  ontil  the  close  of  the  operation,  when  the  retort  is  found  to  contdn,  in 
nost  oases,  a  residue  of  charcoal.     Such  is  destructive  distillation. 

If  the  organic  substance  contain  nitrogen,  and  be  not  of  a  kind  capable  of 
Uifcing  a  new  and  permanent  form  at  a  moderate  degree  of  heat,  then  that 
.nitrogen  is  in  most  instances  partly  disengaged  in  the  shape  of  ammonia,  or 
pDbslancea  analogous  to  it,  partly  left  in  combination  with  the  cnrbonaccona 
ttBtter  in  the  distillatory  vessel.  The  products  of  dry  distillation  thus  become 
Still  more  complicated.  , 

A  much  greater  degree  of  regularity  is  observed  in  the  effects  of  heat  on 
fixed  organic  matters,  when  these  are  previoasly  mixed  with  an  excess  of 
■trong  alkaline  base,  as  potassa  or  lime.  In  such  cases  an  acid,  the  nature 
Qfwbioh  is  chiefly  dependent  npon  the  temperature  applied,  is  produced,  and 
Knuuns  iu  union  with  the  base,  the  residual  element  or  elements  escaping  in 
'^amfl  Volatile  form.  Thus,  benzoic  acid  distilled  with  hydrate  of  lime,  at  a 
dnll-red  lieat,  yields  carbonate  of  lime  and  a  bicarbide  of  hydrogen,  benzole; 
iroody  fibre  and  caustic  potassa,  heated  to  a  very  moderate  temperature, 
Jiekl  ulinic  acid  and  free  hydrogen;  with  a  higher  degree  of  heat,  oxalic  oeid 
Appears  in  the  place  of  the  ulmic;  and,  at  the  temperature  of  ignition,  cor- 
llonic  acid,  hydrogen  being  the  other  product. 

The  spontaneous  changes  denominated  decaff  and  jtuire/action,  to  which 
Many  of  the  mora  complieated  organic,  and  more  particularly,  aioliied  prin- 
«Splea  are  subject,  have  always  attracted  much  attention.  By  the  expression 
iKap,^  Liebig  and  his  school  understand  a  decomposition  of  racist  organic 
matter,  freely  exposed  to  the  air.  by  the  oxygen  of  which  it  is  gradually 
Nimed  and  destroyed,  without  sensible  elevation  of  temperature ;  the  term 
fulrt/aeiioa,  on  the  other  hand,  is  limited  to  changes  occurring  in  and  beneath 
the  surface  of  water,  the  effect  being  a  mere  transposition  of  elements,  or 
metBrtiorphoais  of  the  orRaiiic  body.  The  conversion  of  sugar  into  alcoiiol  and 
tarboaic  acid  furnishes,  psrliaps.  the  aimplost  case  of  the  kind.  It  is  propet 
to  remark,   howevor,   tUtil  cuntaet  of   oxygen  is  indlspenHnble,    in   the  f 
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tnatanoe,  to  the  chnn^,  vhicb,  -when  once  begun,  proceeds,  wlthont  Oi»  lU  > 
of  an;  otiier  subalitnce  eilernul  to  the  dccompoBmg  bodj,  niileBS  it  b«  wiM 
or  its  elemsQls.  Etery  onse  of  pntrefaolion  tliua  begins  with  decnj;  and  iE 
the  decn;,  or  its  canae.  nnmelj,  the  absorption  of  oxygen,  be  preveDtMLM 
putfefaaliou  ocours.  The  moat  putrescible  subslanoeB,  as  aDimal  flesti  inttndt^ 
for  food,  millt,  and  highly-azotiied  Tegetsbles.  nre  preBqrTed  indeEniiel;,  1^ 
caclosnre  in  metntlio  cnaeH,  from  whiob  the  &ir  lias  been  complrUb/  natnit 
and  eiclnded.  • 

Some  of  the  curious  pheaomeDa  of  communicaled  chemical  activity,  irhta 
a  decoDipasingBubstaitoe  seemg  to  involve  olherg  in  destructive  change,  whiah 
vitTiout  )^uah  influence,  vould  have  remained  in  a  permaDout  and  qniescOM 
BiatB,  Tii!l  be  found  noticed  in  their  proper  places,  as  under  Ihe  head 
Vinous  Fermentation.  Tlicae  aotjona  are  yet  very  obscure,  and  require  to 
discussed  with  great  caution. 


Aa  most  organic  substanoee  cannot  he  produced  at  will  from  their  element^ 
the  atmlylical  method  of  reaenrcli  is  alone  applicable  to  the  inveatigatian  01 
their  exact  chemical  composition;  hence  the  ultimate  analysis  of  these  rob 
Btances  becomes  a  matter  of  great  practical  imporlonce.  The  operation  i 
always  executed  by  oanstng  oouiplete  combustion  of  a  known  weight  of  the  bo 
to  he  eiamincd,  in  such  a  manner  that  the  carbonic  acid  and  water  produoi 
(hall  be  collected,  and  their  quantity  determiued;  the  carbon  and  hydrqj 
Qiej  respectively  contain  may  from  these  data  be  easily  calculated.  "" 
nitrogen,  sulphur,  phoaphorus,  chlorine,  &D.,  are  present,  special  and  sepan 
means  are  resorted  to  for  Uiei 

The  method  to  be  described  for  the  determiaation  of  the  carbon  and  bjA 
gen  owes  its  convenience  and  efficiency  to  the  improveaieuta  of  Profea 
Liebig ;  it  has  superseded  all  other  processes,  and  is  now  invariably  emplin 
in  inquiries  of  the  kind.   With  proper  care,  the  results  oblained  are  worn* 
fully  correct:  and  equal,  if  not  surpass  in  precision,  those  of  the  best  mina 
analyses.     The  principle  upon  which  Ihe  whole  depends  is  the  followiogi- 
When  an  organic  aubstance  is  heated  with  the  oxides  of  copper,  lead,  ID 
several  other  metals,  it  undergoes  oomplete  combuadon  at  the  expense  of 
oxygen  of  the  oxide,  the  metal  being  at  the  same  time  reduced,  either  et 
pletely  or  to  a  lower  state  of  oxidation.     Thia  effect  takes  place  with  great 
ease  and  certainty  with  the  black  oxide  of  copper,  which,  although  unohaui 
by  heat  alone,  givea  up  oxygen  to  combustible  matter  with  extreme  fa 
When  nothing  but  carbon  and  hydrogen,  or  those  bodies  together  with  oi 
are  present,  one  experiment  suffices;  the  carbon  and  hydrogen  are 
mined  directly,  and  Uie  oxygen  by  differecce, 

ItiBOfcoui      ■   '■■ ■•    ■'       ■ 


that  the  Eubstnnce  to  be  analyivd  should  y 
Bess  Ihe  physical  ohnraeters  of  purity,  otherw 
the  inquiry  cannot  lead  to  any  useful  result ;  if 
the  solid  stale,  it  mual  also  he  freed  with  the  M 
scrupulous  care  from  the  nioisture  which  m 
subslnnces  retain  with  great  obstinacy.  If  it' 
hear  the  appticntion  of  a  modemlc  heat,  thisdH 
cntion  is  very  enaily  accomplished  by  a  water 

temperaturesto  the  absorbent  powers  of  a  la 
face  of  oil  of  vitriol  in  the  vncuum  of  an  u 
must  be  substituted. 

The   operation  of  weighing  the  dried  powilff 
open  tube,  about  21  or  3  inchea  lung ;  the  Inbt  if^ 
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inbBtnnee  are  iTDtghei]  together,  anil,  irben  the  latter  has  been  remoTed,  tlie 
tabe  -with  anj  little  adherent  matter  ia  re-weighed.  This  weight,  aublraotad 
from  the  former,  gires  the  weight  of  tlio  8uli:4tnncc  employed  in  the  experi- 
ment. Ab  only  5  or  6  graiuB  are  used,  the  weighings  shonld  not  involve  a 
greater  error  than  ^jg  port  of  n  grain. 

The  protoxide  of  copper  is  beet  mnde  from  the  nitrate  b;  complete  ignition 
in  an  earthen  cruoible ;  it  is  rednoed  to  powder,  and  reheated  jast  before  nae, 
to  expel  hygroscopic  moisture,  whioh  it  absorbs,  even  while  warm,  with 
Kvidity.  The  cnmbustion  is  performed  in  a  tube  of  hard  white  Bobemian 
gloss,  huTing  a  diameter  of  0*4  or  0-6  inch,  and  in  length  varying  from  14  to 
18  inches :  this  kind  of  glass  bears  a  moderate  red-heat  without  becoming  soft 
enough  to  lose  its  shape.  One  end  of  the  tube  is  drawn  out  lo  a  point,  as  shown 
in  flg.  167.  and  elosed;  the  other  is  simply  heated  to  fu»e  and  bo ften  the  sharp 
edges  of  the  glaaa.  The  tube  is  now  twn-thirds  filled  with  the  jet  warm  prot- 
oxide of  copper,  nearly  the  whole  of  which  is  transferred  1o  a  smnll  porcelaii 
or  Wedgwood  mortar,  and  very  intimately  miied  with  the  org 


I I 
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The  mixture  is  nest  transferred  to  the  tube,  and  the  mortar  rinsed  vitb  a 
little  fresh  and  hot  oside,  which  js  added  to  the  rest;  the  tube  is,  lastly,  filled 
to  within  an  inch  of  the  open  end  with  oxide  from  the  orncible.  A  few  gentle 
tapB  on  the  table  suffice  to  shaiie  together  the  eontents,  bo  as  to  leave  a  free 
paasage  for  the  evolved  gasoa  from  end  to  end.  The  arrangeinent  of  the  mix- 
ture and  oxide  in  the  tube  is  represented  in  the  sketch. 

Tbe  tqbe  i9  Chen  ready  to  be  placed  in  the  fnrnace  or  ehanfl'er ;  this  is  con- 
Btmeled  of  thin  sheet-iron,  and  is  furnished  with  a  series  of  supports  of  equal 
height,  which  serve  to  prevent  flexure  in  the  combustion-tube  when  softened 


ty  heat.  The  cbaufl^er  is  placed  apon  flat  bricks  or  a  pieoe  of  stone,  a 
bat  Gttle  air  can  enter  tJie  grating,  unless  the  whole  be  purposely  raised.  A 
■light  inclination  is  also  given  towards  the  extremity  occupied  hy  the  mouth 
of  the  combQBtion-tube,  which  passes  through  a  hole  provided  for  the  purpose. 
To  oolleot  the  water  produced  in  the  eiperiment.  a  small  light  tube  of  the 
form  represented  in  fig.  169,  filled  with  frngments  of  spongy  chloride  of  oal- 
einm,  is  attached  by  a  perforated  cork,  thoroughly  dtied,  to  the  open 
niity  of  the  combustion- tube.  The  carbonic  acid  ia  absorbed  by  a  solut 
nnitio  potassn,  of  specific  gravity  1  -27,  whioh  is  contained  in  a  smut 
ipparotus  on  the  principle  of  a  Woulfe's  bottle,  shown  in  fig.  170.  Th 
neclion  between  the  latter  and  tho  ohluride-of-cslcium  tnhe  ia  completed  by 
a  little  tube  of  caoutchouc,  sieitred  with  silk  cord.  The  whole  ia  shown  in 
Bg,  1 71,  as  arranged  for  uae.  Both  the  chloride-of-calciuni  tube  and  the  pot- 
uh-apparatus  are  weished  with  the  utmost  care  before  the  experiment. 
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The  tlghtnesa  of  tho  jonotionB  mny  be  SBcortaincd  by  tdifihtly  rare^ng  lit 
included  air  by  encMng  b  fair  bubbles  from  the  interior  throngli  the  liquid, 
nslng  the  dry  lips,  or,  better,  a  little  bent  tube  with  a,  perforsled  oork:  if  the 
difference  of  level  of  the  liquid  in  the  two  limbs  of  the  poliiBh-appilrttm  h 
preserved  for  Eieveral  Diinales.  the  joiots  arc  perfect.  Red-hot  charcoal  isjin. 
,  placed  nround  Che  anterior  portion  of  the  corabuHtian-tubc,  coutaining  the 
[  pure  oxide  of  copper;  and  nhen  this  is  red-bnt.  the  fire  ia  slowly  extendi 
towarda  the  farther  extremity  by  shifting  the  moveable  ecrecn  represeiiled 
the  drawing.     The  experiment  most  be  so  conducted  that  an  uniform  stiea 

Fig.  ni.  I 


of  carbonic  acid  shall  enter  the  potash-apparatus  by  bubbles  which  may  bci, 
easily  counted :  when  no  nitrogen  is  present,  those  bubblca  aT-e  towards  tlw 
termication  of  the  eiperimout  uloiost  coiopletely  absorbed  by  the  alkalis^ 
liquid,  the  little  residue  of  air  alone  escaping.  In  the  case  of  an  niotiiel' 
body,  on  the  contrary,  bubbles  of  nitrogen  gas  paaa  through  the  potaasa-Sft 
tlon  during  the  whole  process. 

When  the  tube  bos  beeome  completely  heated  from  end  to  end,  and  no  vu 
gas  is  disengagod,  but,  on  the  other  hand,  absorptiou  begiua  to  be  evidn 
the  coals  are  removed  from  the  farther  extremity  of  the  combustion-tube,  » 
the  point  of  the  latter  broken  off.  A  little  air  is  drawn  through  tba  whd 
appnratua,  by  which  the  remaiuing  carbonic  acid  and  watery  vapor  are  IT 
oared.  The  parts  are,  lastly,  detaclied,  and  the  ohloride-of-calcium  tabe  av' 
polnsh-npparatua  reweighed. 

TliB  mode  of  beating  the  combustion-tube  with  red-hot'charooal  is 
einal  process,  and  still  extensively  employed,  the  constmctiOD  of  the  fuitiM 
being  most  aimpla,  and  charcoal  everywhere  accessible.     However,  b 
nse  of  conl-gas  has  been  anivcraally  adopte<l  in  laboratories,  many  ocntrivuict 
have  been  suggested,  by  means  of  which  this  cQuvenient  fuel  may  be  el    '  "' 
ftlso  in  organic  analysis.     An  apparatus  of  this  kind'  ia  tha  one  repi 

■  Hofmiuin,  jDurn&l  of  the  Chemlca]  Bodgl;  voL  iL  «.  3D. 


n  fig,  T"^,  in  which  the  oombustion-tube  is  heated  by  &  soriea  of  perforated 
iky-buraera.  Tiieae  ciay-burners  are  fixed  on  pipes  protldod  with  st«paock», 
10  that  tlie  gas  may  bo  ligbted  according  to  the  rcqairemenU  of  the  osatt 


The  Btopooolvs  being  nppropnatelj  adjoeted,  the  gaa  burns  oo  the  sarface  of 
tha  burners  with  a  Brcokeless  blue  flame,  which  renders  them  in  a  short  time 
incandescent.  The  constrnctioo  of  this  fnrnttce  is  readily  intelligible  by  a 
^BQoe  at  figures  178  aud  174,  which  exhibit  the  different  parta  of  the  appsr 


ig.  17S  representing  a  large  furnnce  with 
174  a  Huinller  fnrnoce  with  three  rona  of  clny-bnrners. 

The  following  aoooiint  of  a  real  esperiment  will  serve  to  illustrate  the  cal- 
enlatian  of  the  results  obtained  in  the  combastion  of  oryBtallized  sugar : 

Quantity  of  sugar  employed       ....        4'75    grains, 
Potasli'apparatus  weighed  after  experiment       ■    781*13 
"  "  before  eiperimeot        ■    773-82 

Carbonic  acid    ....         7-31 
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Carbon      ,        . 

Hydrogen . 

Oxygen,  by  difference 


100-00 


When  the  orgitnia  Enbatanoe 
in  tlie  mannor  described,  tlie  ] 
particulur  case.     If,  for  exam 


Pis.  ni. 


be  mixed  with  Uie  protoxide  of  eo;rp< 
muet  be  slightly  modified  to  tneet  tl 
ixample,  a  volatile  liquid  is  to  be  eiamtDcd,  it  i 
enclosed  in  n  little  glass  bulb  with  a  dbitow  itn 
which  is  weighed  before  and  after  the  introduetil 
of  the  liqaid,  the  point  being  bermeticiill;  BMb 
The  ootubusCion-tube  must  hare,  in  this  eu«, 
much  greater  length  ;  and,  aa  the  protoxide  of  m 
per  cai]not  be  introduced  hot,  it  must  be  igail 
and  oool<;d  out  of  contact  with  tbe  almoApbera'' 
proTent  absorption  of  watery  Taper.  ThiaiBW 
cotiTeuiently  effected  by  transferring  it,  in  a  heiU 
etate,  Id  n  large  ptntinnm  crucible  to  vhieh' 
cloaely-filting  cover  can  be  adapted.  When' 
cold,  the  cover  ia  removed  and  inatantly 
by  a  dry  glasB  funnel,  by  Ihe  aaaiatanoe  oi  wm 
the  oiide  laaj  be  directly  ponred  into  the  oomtn 
tiou-tube,  with  merely  momentary  expoanre  to  the  air.  A  little  oxide  ia  p 
in,  tbeu  the  bulb,  with  its  stem  broken  at  a,  a  ii1c-aara(«h  having  been  ft 
vioualy  made ;  and,  lastly,  the  lube  is  filled  with  the  cold  and  dry  prolori 
of  copper.  It  is  arranged  in  the  chauffer,  the  chtoride-of-calcium  tube  v 
potaah-apparatua  adjusted,  and  then,  some  six  or  eigbt  iuchee  of  oxide  hi 
ing  been  healed  to  redness,  (be  liquid  io  the  bulb  is,  by  the  approximation  i 
a  hot  oonl,  expelled,  and  slowly  converted  into  vapor,  which,  in  paaaing  oi 
the  hot  oxide,  ia  completely  burned.  The  experiment  ia  then  terminated 
the  UBiial  mauner.  Fa^ible  fatty  aubstances,  aud  volatile  oonarete  bodies, 
oamphor,  require  rather  different  management,  which  need  not  be  hi 
described. 

Protoxide  of  copper,  which  baa  been  used,  may  be  easily  reBlorod  hj  moiat 
ening  with  nitric  acid,  and  igniting  to  redness  ;  it  becoiaes,  in  fact,  ratlw 
improved  than  otherwise,  aa,  after  freqoent  employment,  its  density  is  ' 
Orensed,  and  its  troublesome  hygroscopic  powers  diminished.  For  aubalui 
which  are  very  diiRcult  of  combut^tion,  trom  the  large  proportion  of  earl 
Uiey  contain,  and  for  compounds  into  which  chlorine  enters  aa  a  oonatinu 
fused  and  powdered  chromate  of  lead  is  very  advantageously  aabstilnted 
the  protoxide  of  copper.  Chromate  of  lead  freely  gives  up  oxygen  to  CI 
bustible  mailers,  and  even  evolves,  when  strongly  heated,  a  little  of  that| 
Which  thua  insures  the  perfect  combustion  of  the  organio  body. 

Anali/iii  of  Aializtd  Subitancn.  —  The  presence  of  nilrogeo  in  an  otm 
compound  is  easily  ascertained  by  healing  a  small  portion  with  solid  h; 
of  potassa  iu  a  test-tube :  Ihe  nitrogen,  if  present,  is  converted  into 
which  may  be  recogniaed  by  its  odor  and  olltaline  rceotion.     There 

'  The  IhooreUal  comfioilOon  of  sugar  CnnnOn,  reckonea  to  100  pl^^t^  glvM— 
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tai  meUiod*  of  determining  the  proportion  of  nitrogen  m  aiotiied  organio  sutv- 
eUdcbs,  tbo  Gxpariuj enter  being  guided  in  hia  cboice  of  means  b;  the  DAdire 
of  Ihe  BubstttQce  and  its  oomparatiTc  richneaa  in  tbat  element.  The  oarbon 
and  hjdrogon  are  first  determined  in  the  Dsual  manaer :  a  longer  tube  tbnii 
QBoal  is  employed,  and  foar  or  tie  inclieB  of  its  a.Dterior  portion  filled  with 
Bpongy  metallic  copper,  made  by  redneing  the  protoxide  b;  hydrogen ;  this 
Berrea  to  decompose  an;  nilrons  acid  or  binaxido  of  nitrogen,  nliicli  may  be 
formed  in  the  set  of  combustion.  During  the  eiperimcnl  some  idea  of  the 
Bbnndance  or  panoilyof  the  nitrogen  may  be  formed  from  the  number  of  bub- 
bles of  incondenaible  gas  which  traverse  the  solution  of  polnasa. 

In  the  case  of  compounda  abounding  in  nitrogen,  and  readily  burned  by 
protoiide  of  copper,  a  metbed  may  be  employed,  which  is  very  easy  of  exe- 
catioD :  thia  conaists  in  determining  the  ratio  borne  by  the  liberated  nitrogen 
to  the  carbonic  acid  produced  in  die  comhostian.  A  tube  of' hard  glasa,  of 
the  usual  diameter,  and  abont  IS  inches  long,  ia  sealed  at  one  eod ;  a  little  of 
the  organic  sabetance,  mixed  nilh  protoxide  of  copper,  is  introduced,  and 
^owed  to  occupy  about  tno  inches  of  the  tube  ;  about  aa  much  pure  oxide  ia 
placed  over  it,  and  then  another  port! on  of  a  similar  mixture;  after  which 
the  tuba  ia  filled  up  with  a  second  and  larger  portion  of  pure  oxide,  and  a 
qnantity  of  spongy  metallic  copper.  A  short  bent  tuba,  made  movable  by  a 
oaontcbouc  joint,  ia  fitted  by  a  perforated  cork,  and  made  to  dip  into  a  mei^ 
Eorial  trough,  while  the  combuBtion-tube  iteelf  resla  in  the  chauffer. 
(Fig.  176.) 

Mf .  176.  IT«.  "T. 


^■^^re  la  first  applied  lo  the  anterior  part  of  the  tube  containing  the  molal  and 
I.  •^fDOilxed  oxide,  and,  when  thia  ia  red-hiit,  lo  the  extreme  end.     Combuation 
of  Uie  first  portion  of  the  mixture  takes  place,  the  gaaeous  prodaots  eweepirig 
before  them  nearly  the  whole  of  the  air  of  ihe  apparatua.     When  no  more  gaa 
lesaes,  the  tube  is  slowly  heated  by  haif  an  inch  at  a  lime,  in  the  nsual  manner, 
ftnd  all  the  gns  very  carefully  collecled  in  a  graduated  jar,  until  the  operation 
U  at  an  end.     The  Tolume  ia  then  read  off,  and  some  strong  solution  of  canatio 
potasaa  thrown  up  into  the  jar  'oy  a  pipette  (fig.  177,)  with  a  curved  extremity. 
I        When  the  abeorplion  ia  complete,  the  residual  volume  of  nitrogen  ia  observed, 
and  compared  with  that  of  the  mixed  gases,  proper  correction  being  made 
for  differences  of  level  in  the  mercury;  and  from  these  data  the  exact  pro- 
portion bomo  by  the  nitrogen  to  the  carbon  can  bo  at  once  determined.' 
*  PUuifUi  of  tho  two  ga«43  reprraent  eivi^iatfntt;  fbr 

loo  cutile  Ibcbm  carbDDic  acjd  weigh  17-M  gialni. 
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If  Ibe  proportion  of  nitrogen  be  but  small,  the  error  from  tbe 
vf  the  residual  Bimosphrric  fiir  becomes  bo  great  aa  to  destroy  all 
In  tbe  result  of  ttie  eiperiment ;  and  the  same  thing  happens  vhen  the  sob- 
■tance  is  inoompletel;  bnrned  hj  protoxide  of  copper :  other  means  most  Urn 
be  employed.     Tbe  ahiolute  method  of  delermiDatJoD,  hIbo  knann  bj  thi 
of  DumBB'B  method,  ton;  be  had  reonurae  to  whon  the  foregoing,  or  cinnfAW 
Hot  method,  fails  from  the  Smt  cnuae  mentioned :  it  gives  eiceUeot  reenlt^ 
and  ia  applicable  to  ail  aioliied  subatancea.  , 

A  tube  of  good  BoheiDian  gloss,  28  incbea  long,  ia  securely  sealed  at  mt 
end;  into  thia  enough  dry  biaarbooate  of  Boda  is  pat  to  occupy  0  iocbeB.  " 
little  pure  protoxide  of  copper  is  next  introduced,  and  aftorwards  the  miu 
of  oxide  and  organia  snbstanco,  the  weight  of  the  latter,  brtireea  4-5  ami 
grains,  in  a  dry  state,  having  been  oorreclly  determined.  Tbe  remainderi 
the  tube,  amounting  lo  nEurty  one-hAlfof  its  leogtli,  is  then  filled  op  ,  . 
protoxide  of  copper  and  spongy  metal,  and  a  round  cork,  perforated  19^4 
pjeoB  of  narrow  lube,  is  ecourely  adapted  lo  its  mouth.  This  tuba 
I  seoted  by  meaiiB  of  a  caoutehoac  joint  with  a  bent  delivery-tube,  a,  i 

^^^     earn  bastion-tube,  arranged  iu  tbe  furnace.     A  few  coals  are  now  applied 
^^^L  Ihe  further  end  of  (he  tube,  so  as  to  decompose  a  portion  of  tbe  bioarboB 
^^^B  of  Boda,  the  remainder  of  tbe  carbonate  as  well  as  of  the  other  part  of  that 
^^^H  being  proteetcd  from  tbe  heat  by  a  Ecreen  n.     The  onrreiit  of  carbonic  » 
^^^^  itbna  produced  is  iutended  to  expel  all  tbe  air  f^crn  the  apparatus.     In  m 
to  ascertain  that  this  object,  on  which  the  success  of  tbe  whole  operation    . 
pends,  IB  accotnplii^hed,  the  delivery-tube  is  depressed  under  tbe  levd  ofi 
mercorial  trough,  and  Ibe  gas,  which  is  evolved,  collected  in  H  test-tnbe  fi" 
with  concentrated  potassa-Eolution,     If  the  gaa  be  perfectly  sbnnrbed,  or,  d 
the  introduction  of  a  considerable  quantity,  only  a  minute  bubble  be  left, 
sir  may  be  considered  as  expelled.     The  next  step  is  to  fill  a.  grndoated  g 
jar  two-thirda  with  mercury  and  one-third  with  b  strong  solution  of  polank 
and  to  invert  it  over  the  delivery^tube,  as  represented  in  fig.  ITS. 

LFig.  178. 
rhia  done,  Ere  ia  applied  lo  tba  tube,  oommenoing  at  the  front  end. 
gradaally  proeeeding  to  the  closed  extremity,  which  still  contains  some  i 
compoBed  bicarbonate  of  sods.     I'his,  when  tho  fire  at  length  reacbes  it,  yidi 
np  carbonic  aoid,  which  chases  forward  tbe  nitrogen  lingering  in  (ho  to) 
The  carbonic  acid  generated  during  the  combustion  is  wholly  absorbed  bj  I 
potasBB  in  the  jar,  and  nothing  is  left  but  the  nitrogen.     When  the  o|: 
IS  at  an  end,  tho  jar,  vritb  itg  oonteots,  is  transferred  to  a  vensel  of  wbI 
the  volume  of  the  nitrogen  read  off.     This  is  properly  oorrectod  for  te 
ture,  pressure,  and  aqueous  vapor,  and  its  weight  determined  by  ealsnlaliM  ^^ 
When  the  operation  has  been  very  snccessfHil,  and  all  precautiona  minnid 
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per  cent.,  tine  to  the  Te^idunl  nir  of  tbe  itppnratus,  or  (hot  conilenBeil  in  the 
pores  of  the  protoiida  of  copper. 

A  most  elegant  proaeas  for  esliinaling  nitrogen  in  all  organic  ccnipounds, 
except  those  coutuining  tlie  ULlrogon  in  the  forn:!  af  nitrous,  h^'ponitric,  and 
nitrio  rtoida,  and  io  some  organio  hoaea,  Ims  been  put  in  practice  b;  MM.  Will 
■nd  Varrentrapp.  When  a  noD-motiicd  oi^nnic  substance  is  heated  to  red- 
ness vilh  B  large  eicesB  of  hjdrate  of  potftssa  or  sods,  it  suffers  complate  and 
epeedy  combuation  at  the  eipense  of  the  water  nf  the  hydrate,  the  oiygen 
CDinbining  with  the  carbon  of  the  organic  mutter  to  carbonic  acid,  vhiah  is 
retained  by  the  alkali,  while  its  hydrogen,  together  with  that  of  the  Hnbatance, 
is  diaeDgsped,  Bometimea  in  union  with  a  little  carbon.  The  same  change 
bappena  when  nitrogen  is  present,  but  with  this  addition :  the  whole  of  the 
nitrogen  thus  abandoned  combines  with  a  portion  of  the  liberated  hydrogen  to 
form  ammonia.  It  is  oTident,  therefore,  that  if  this  experiment  bo  made  on  ■ 
wnghed  quantity  of  matter,  and  cirourostances  allow  the  ooiteoticn  of  the 
wbole  of  the  ammonia  thas  produced,  the  proportion  of  nitrogen  can  be  easily 
calculated. 

An  intimate  mixture  is  made  of  I  part  caustic  soda,  and  2  or  3  parts  qaick- 
lime,  by  slaking  time  of  good  quality  with  the  proper  proportion  of  strong 
caustic  Boda,  drying  the  mixture  in  an  iron  Teasel,  and  then  heating  it  to  red- 
ness in  an  earthen  crucible.  The  ignited  masa  is  rubbed  (o  powder  in  a  warm 
mortar,  and  carefully  preaerred  from  (he  air.  The  lime  ia  useful  in  many 
iraja;  it  diminishes  the  tendency  of  the  alkali  to  deliquescence,  fbcilitatea 
mixtare  with  the  organic  substance,  and  prevents  fusion  and  liquefaction.  A. 
proper  quantity  of  Che  snhatance  to  be  analyzed,  namely,  from  6  to  10  grains, 
is  dried  and  accurately  weighed  onl ;  this  is  mixed  in  a  warm  porcelain  mortaF 
%ilh  enough  of  the  aoda-lime  to  fill  two-thirds  of  an  ordinary  combustion- tube, 
the  mortar  being  Hnsed  with  a  little  more  of  the  alkaline  mixture,  and,  lastly, 
with  a  small  quantity  of  powdered  glass,  which  completely  removes  everylhing 
adherent  to  its  surface ;  the  tube  is  then  filled  to  within  an  inch  of  the  open 
end  with  the  lime-mixture,  and  arranged  in  the  chauffer  in  the  usual  manner. 
The  ammonia  ia  collected  in  a  little 

apparatus  of  three  bulba,  contain-  r\g,  179. 

ing  moderately -strong  hydrochloric 
acid,  attached  by  a  cork  to  the 
combustioQ-tube.  Matters  being 
thus  Bi^usted,  fire  is  applied  to  the 
tube,  oommencing  with  the  anterior 
extremity.  When  ignited  through- 
eut  its  whole  length,  and  when  no 
more  gas  issues  from  the  apparatus, 
the  point  of  Ihe  tube  ia  broken,  and 

a  liltte  air  drawn  through  the  whole.  The  acid  liquid  is  then  emptied  into  a 
oapsale,  the  bulbs  rinsed  into  the  same,  first  with  a  little  alcohol,  and  Chen 
rtpeatedly  with  diatilled  water;  an  excess  of  pure  bichloride  of  platinnm  is 
sdded,  and  the  whole  evaporated  to  dryness  in  a  waler-bath.  The  dry  mass, 
when  oold,  is  treated  with  a  mistnre  of  alcohol  and  ether,  which  dissolves  cot 
the  snporfluous  bichloride  of  platinum,  but  leaves  untonched  the  yellow  crys- 
talline doable  chloride  of  platinnm  and  ammonium.  The  latter  is  collected 
upon  a  small  weighed  filter,  washed  with  the  same  mistnre  of  alcohol  and 
Btber,  dried  at  212''  (lOO"^),  and  weighed;  100  parts  correspond  to  6-272 
psTts  of  nitrogen ;  or,  the  salt  with  its  filter  may  be  very  carefolly  ignited,  and 
the  GUer  burned  in  a  platinum  crucible,  and  the  nitrogen  reckoned  from  the 
weight  of  (ho  spongy  metal,  100  parts  of  that  substance  corresponding  to 
14'18  parts  of  nitrogen.     The  former  plan  is  to  be  preferred  in  most  cae«3. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  wiOi  abotit  an  e"  "** 
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qaantit;  aT  pare  sagar,  to  rurniEh  <ncnii()eDsiii1e  gns.  nni)  tbna  diminish  tt| 
Tiolence  nr  tlie  nbeorption  nliich  otIierwUs  occiirB:  mid  Ibe  »iiiie  precanQc' 
muHi  ba  Uken.  for  a  different  reosoo,  with  Hiuae  whicli  coiiinin  liltle  or  i 
hydrogen. 

A  modiflcntion  of  thia  prncess  lins  boon  Bii(cgcsted  b;  M.  P^ligot,  irbioll 
Terf  ooDienient  if  r  lar);e  numbpr  of  introgeD-detenniiui lions  IH  Co  be  ntd 
Djr  this  plHD  the  nminoais,  instead  of  being  received  in  bydrocbloric  Mid., 
eondlioted  into  k  fcnovn  Tolnme  (from  j  to  1  cubio  inch)  of  a  standard  salttUt 
of  snlpfaDric  ncid,  contsiced  in  the  ordinary  nitrogan-tialbs.     After  tile  («■ 
tmeUon  is  fini«hfi].  the  Boid  oontitining  the  ommnnin  is  poured  oat  into. 
beaker,  colored  with  a  drop  of  tincture  of  litmus,  and  then  neutralised  villk' 
Btnndnrd  solution  of  soda  in  water  or  of  lime  in  sagnr- water,  the  point  of 
triliEstion  becoming  perceptible  by  the  sudden  appearnnue  of  a  bls« 
The  lime-solntion  is  oonTenicnlly  ponred  ont  from  the  graduated  gtlin-t 
described  under  the  head  of  Alkalimetry.     The  lolume  of  lime-rolntiM  m.. 
aary  to  nontraliie  the  enme  amount  of  Bcid,  which  is  used  for  condensing 
ammonin,  having  been  ascertained  hj  a  preliminary  experiment,  it  is  erlf 
that  the  difference  of  the  quantities  CEed  in  the  two  experiini.'nl9  gives  the: 
mania  collected  during  the  combustion  iu  the  acid.     The  amount  of  nltng 
may  thus  be  calculated.     If,  for  instance,  an  scid  be  prepnrod,  contali^ng, 
grains  of  pure  hydraled  sulphnrio  ncid  (80,,II0)  in  ICKK)  erain-measural 
200  grain-measures  of  this  acid — the  qnantit;  tnlroilnced  into  the 
respond  to  1-38  grains  of  ammonia,  or  1'14  grains  of  nitrogen.     1 
toiatioii  is  HO  graduated  that  lUOO  grain-measures  will  exactly  nentraHie 
SOO  grain-measures  of  the  standard  acid.     If  we  now  find  that  the  acid, 
Bstara ted  with  the  ammontadisenimged  during  the  combustion  of  a  nitri 
mbstance,  rcqaircs  only  TOD  grnin-measnres  of  the  alkali  '     ' 

I    ieni  that — VnriTi —  =  ^  grain-measures  were  saturated  by  the  ammoi 
»nd  the  quantity  of  nitrogen  is  obtainoil  by  the  propoitiou  200:  I'll:  :6D. 

wherefore  x  ^ ^^ —  :=  0'342  grains  of  nitrogen. 

BiiimaUrm  a/  Sulphur  in  Organic  Compounds.  ~^  When  bodies  of  tbis  claM 
containing  sulphur  are  burned  with  protoiide  of  copper,  a  small  tube,  cl 
taining  binoiide  of  lead,  ma;  be  interposed  between  the  chloride- of-c^ii 
tube  and  the  potassa-apparatas  to  retain  any  suiphnroua  acid  wbich  may 
formed.  It  ia  better,  however,  to  use  chromate  of  lead  in  sach  cases,  T 
proportion  of  sulphur  is  determined  by  oiidiiing  a  known  weight  of  the  tl 
Stance  by  strong  nitric  acid,  or  by  fusion  in  n  silver  vesaei  with  ten  or  twel 
times  its  weight  of  pure  hydrate  of  potassa  and  half  as  much  nitre.  The  ■ 
phnr  is  thus  converted  into  Hulptinric  acid,  the  qaantity  of  wbich  am 
determined  by  dissolvit^g  the  fused  mans  in  water,  acidulating  with  oitria  vi 
and  adding  a  snlt  of  baryta.  Phn^phorus  ia,  in  like  manner,  oxidiiej 
phosphorio  acid,  the  quantity  of  which  is  determined  by  precipitation  in  Ml 
binaUon  with  sosquioiide  of  iron,  or  otherwiae. 

Eatimation  of  Chlorine. — The  case  of  a  volatile  liquid  oontainiug  chlorine  tal 
very  frequent  occurrence,  and  mny  he  taken  as  an  illustralion  of  the  graiei 
plan  of  proceeding.  The  combustion  with  protoiide  of  copper  must  be  voj 
carefully  conducted,  aud  two  or  three  inches  of  the  anterior  portion  of  t^ 
tube  kept  cool  enough  to  prevent  volatilization  of  Ibe  chloride  of  copper"-'' 
the  chloride-of-calcium  tube.  Chromate  of  lead  is  much  better  for  the  ] 
pose.  The  chlorine  is  correctly  determined  by  placinjc  a  small  weighed  ' 
of  liquid  in  a  combustion~tube,  which  is  afterwards  filled  with  fragneoH 

Kre  qaicMime.     The  lime  is  bruugbt  to  a  red-heat,  and  the  vapor  '' ' 
aid  driven  over  it,  when  the  chlorine  displaces  oxygen  from  the  "" 
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giTes  rise  to  chloride  of  calcium.  When  cold,  the  contents  of  the  tube  are 
dissolyed  in  dilute  nitric  acid,  filtered,  and  the  chlorine  precipitated  by  nitrate 
of  silver. 

SMPIRICAL   AND   RATIONAL   FORMULA. 

A  chemical  formula  is  termed  empirical  when  it  merely  gives  the  simplest 
possible  expression  of  the  composition  of  the  substance  to  which  it  refers.  A 
rational  formula,  on  the  contrary,  aims  at  describing  the  exact  composition 
of  one  eguivalentf  or  combining  proportion  of  the  substance,  by  stating  the  abso- 
lute number  of  equivalents  of  each  of  its  elements  essential  to  that  object,  af 
well  as  the  mere  relations  existing  between  them.  The  empirical  formula  is 
at  once  deduced  from  the  analysis  of  the  substance,  reckoned  to  100  parts; 
the  rational  formula  requires  in  addition  a  knowledge  of  its  combining  quan- 
tity,  which  can  only  be  obtained  by  direct  experiment,  by  synthesis,  or  by  the 
careful  examination  of  one  or  more  of  its  most  definite  compounds.  Farther, 
the  rational  may  either  coincide  with  the  empirical  formula,  or  it  may  be  a 
multiple  of  the  latter. 

Thus,  the  composition  of  acetic  acid  is  expressed  by  the  formula  CHO,  which 
exhibits  the  simplest  relations  of  the  three  elements ;  if  we  want  to  express 
the  quantities  of  these,  in  equivalents,  required  to  make  up  an  equivalent  of 
acetic  acid  we  have  to  adopt  the  formula  0411^0^  =  €411303,110.  Again,  the 
empirical  formula  of  crystallized  kinic  acid  is  C^H^Og,  while  its  rational 
formula,  determined  by  its  capacity  of  saturation,  is  double,  or  C|4H|20|2f  ss= 
C|4H||0]|,H0.  In  like  manner,  tiie  empirical  formulae  of  the  artificial  aXka,- 
loids  fur/urine  and  amarine  are  respectively  Cj^HgNOj  and  Cj,HgN.  The  equi- 
Talents  of  these  substances,  that  is  to  say,  the  quantities  required  to  form 
neutral  salts  with  one  equivalent  of  any  well-defined  monobasic  acid  will, 
however,  be  expressed  by  the  formulae  CsqHjjNjOq  and  042H|gN2;  hence  these 
latter  deserve  the  name  of  rational  formulae. 

The  deduction  of  an  empirical  formula  from  the  ultimate  analysis  is  very 
easy :  the  case  of  sugar,  already  cited,  may  be  taken  as  an  example.  This 
contains,  according  to  the  analysis,  in  100  parts  — 

Carbon 41-98 

Hydrogen 6*43 

Oxygen 61-59 

10000 

If  each  of  these  quantities  be  divided  by  the  equivalent  of  the  element,  the 
quotients  will  express  in  equivalents  the  relations  existing  between  them  :  these 
are  afterwards  reduced  to  their  simplest  expression.  This  is  the  only  part 
of  the  calculation  attended  with  any  difficulty :  if  the  numbers  were  rigidly 
correct,  it  would  only  be  necessary  to  divide  each  by  the  greatest  divisor  com- 
mon to  the  whole ;  as  they  are,  however,  only  approximative,  something  is  of 
necessity  left  to  the  judgment  of  the  experimenter,  who  is  obliged  to  use  more 
indirect  means. 

41-98  61-69 

-g—  =  6-99;  6-43;  — g-  =  6-44. 

01  669  eq.  carbon,  648  eq.  hydrogen,  and  644  eq.  oxygen. 

It  will  be  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen  are 
Jiresent  in  the  proportion  to  form  watei',  or  as  many  equivalents  of  one  as  of 
the  other.  Again,  the  equivalents  of  carbon  and  hydrogen  are  nearly  in  the 
proportion  of  12  :  11,  so  that  the  formula  CmH„0„  appears  likely  to  be  cor- 


DETEaHINATIOK   OP  THE   DENSITY   OF   VAPOBS. 

It  is  DOW  eiLBy  to  see  how  for  this  is  ndmisBible,  bj  reckoning  U  ])Uk> 

)  lOD  piLrts,  aomparing  the  reaalt  Kith   Ihe   numbers  given  b;  thg  ■eCinl 

■naljaiB,  nnd  obEerriiig  whether  the  difference  falls  fmrl;  in  direction  inA 

K  MnDudt  within  ihe  liniils  of  error  of  what  uiuy  be  termed  a.  good  experinicttU 

'[.,  two-  or  Ihroe-tenlhs  per  cent,  drfdmcy  in  [be  carbon,  and  not  m      -'— ^ 

.B-tenth  or  two-tentba  per  cent,  exeat  in  the  bjdrogen. 


Carbon 6  x  12  = 

Hydrogen 11  eq.   = 

Oxjgen 8  X  11  = 
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Organic  acids  and  sait-radicnls  baTe  their  proper  eqnivnlenta  most  tn- 
qoGDtly  determined  bj  nn  BnalyHiH  of  their  lead-  and  silTcr-aalta,  bj  bnr  ' 
tbeae  latter  with  suitubic  precautions  in  a  thin  porcelain  capsnie.  and  m 
the  weight  of  tbe  proloiiile  of  lend  or  metallie  silfer  left  behind.  If  the  prot^ 
oiMe  of  lead  be  mixed  with  globules  of  rednced  metal,  the  qaantit;  of  1^ 
latter  must  be  BBCertaiticd  by  disHulving  Hway  the  oxide  by  acetic  acid.  6 
the  lead-salt  may  be  ooiiTertcd  into  sulphate,  and  the  silver  componnd  fail 
chloride,  nnd  both  metnls  thus  estimated.  An  organic  bnae,  on  tbe  contnq 
or  a  basyle.  has  its  equivnlent  fiied  by  the  obserjation  of  tbe  qnantily  of 
mineral  acid,  or  an  iuorgnDic  salt-radical,  required  to  form  iritb  it  a  i  "  ' 
tion  having  the  charnptcra  of  uentralitj. 


The  detfirminntion  of  the  epccilic  gravity  of  the  vapor  of  ■  volatile  n 
stance  is  frequently  a  paint  of  great  importance,  inasmuch  nf  it  gives  A 
means,  in  conjunction  with  t!ie  aJialysis,  of  representing  the  constitution  ( 
the  snbstance  by  measure  in  a.  gnaeoua  state.  The  following  is  a  aketcht 
the  plan  of  operntinn  usually  followed:  —  A  light  glass  globe,  about  d 
iocbes  in  diameter,  ia  taken,  and  ita  neuk  softoned  ■! 
Fig.  180.  drawn  out  in  tbe  blowpipe-flame,  as  represented  in  tl 

figure:  this  is  accurately  weighed.  About  one  hundl 
grains  of  the  volatile  liquid  are  then  introduced,  hjgen' 
warming  the  globe  and  dipping  the  point  into  the  liqa 
which  is  then  forced  upwards  by  the  pressare  of  the  uri 
the  vessel  coola.  Tbe  globe  is  next  Grmtj  attached  bywtl 
to  a  handle,  in  such  a  manner  that  it  may  be  plunged  bd 
a  bath  of  boiling  water  or  healed  oil,  and  steadily  h'"^ 
with  the  point  prijecting  upwards.  The  bath  mast  lii 
a  temperature  considerably  above  that  of  the  boiling^prirt 
of  the  Uquid.  Tbe  latter  becomes  rapidly  converted  mt» 
vapor,  wliioh  escnpea  by  the  narrow  orifice,  chaaing  hi' 
it  the  air  of  the  globe.  When  the  iHsue  of  vapor  has  wbol 
ceased,  and  tbe  temperature  of  tbe  bath,  careftilly  obsern 
appears  pretty  nniform,  the  open  extremity  of  tbe  p' 
hermetically  sealed  by  a  small  blowpipe-Same.  Tht 
is  removed  from  Ihe  bath,  snffered  to  cool,  eleani 
'cigbcd,  after  which  the  neck  is  bioken  off  beneath  liili 
I  (kM  of  water  which  has  been  bojled  and  cooled  out  of  contact  of  ni' 
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■eronry.  The  liquid  enters  the  globe,  and,  if  the  expulsion  of  the  air  by  the 
Taper  has  been  complete,  fills  it ;  if  otherwise,  an  air-bubble  is  left,  whose 
volume  can  be  easily  ascertained  by  pouring  the  liquid  from  the  globe  into  a 
jar  graduated  to  cubic  inches,  and  then  refilling  the  globe,  and  repeating  the 
same  observation.  The  capacity  of  the  yessel  is  thus  at  the  same  time  known : 
and  these  are  all  the  data  required.  An  example  will  render  the  whole 
intelligible. 

Determination  of  the  density  of  the  vapi*  of  Acetone, 

Capacity  of  globe 81*61  cubic  inches. 

Weight  of  globe  filled  with  dry  air  at  52°  (11°11C) 

and  80.24  inches  barometer  ....     2070*88  grains. 

Weight  of  globe  filled  with  vapor  at  212«  (lOO^C) 

temp,  of  the  bath  at  the  moment  of  sealing  the 

point,  and  80*24  inches  barometer.  .         .     .     2076*81  grains. 

Residual   air,  at  45°  (7° -220),   and  30*24  inches 

barometer 0*60  cubic  inches. 


3:  61  cub.  inches  of  air  at  62°  and  30*24  in.  bar.  =  82*36  cub.  inches  at  60» 

(15° '60)  and  80  inch,  bar.,  weighing         ....     10  035  grains. 

Htmee,  weight  of  empty  globe  .        .     2070*88  — 10*035  =  2060*845  grains. 


0*6  c.  inch  of  air  at  45°  =  0*8  c.  inch  at  212°;  weight  of  do,  by  calcula- 
tion =0*191  grain. 

31*61  — 0-8  =  30*81  cubic  inches  of  vapor  at  212°  and  30*24  in  bar.,  which, 
on  the  supposition  that  it  could  bear  cooling  to  60°  without  liquefaction^  would, 
at  that  temperature,  and  under  a  pressure  of  80  inch  bar.,  become  reduced 
to  24*18  cubic  inches. 

Hence, 

Weight  of  globe  and  vapor 2076*810  grains. 

««  residual  air 0*191 

2076*619 
Weight  of  glebe 2060*845 

Weight  of  the  24*18  cubic  inches  of  vapor.        .        .         15*774 
Consequently,  100  cubic  inches  of   such  vapor  must 

weigh 65*23    grains. 

100  cubic  inches  of  air,  under  similar  circumstances, 

weigh 3101 

=  2*108,  the  specific  gravity  of  the  vapor  in  question,  air  being 
81*^1      unity. 


In  the  foregoing  statement  a  correction  has  been,  for  the  sake  of  simplicity, 
omitted,  which,  in  very  exact  experiments,  must  not  be  lost  sight  of,  viz..  the 
Expansion  and  change  of  capacity  of  the  glass  globe  by  the  elevated  tempera- 
ture of  the  bath.  The  density  so  obtained  will  be  always  on  this  account  a 
Uttle  too  high. 

The  error  to  which  the  mercurial  thermometer  is,  at  high  temperatures, 
Uable,  tends  in  the  opposite  direction. 

80 
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It  is  easy  to  compare  the  actual  specific  grayity  of  the  Taper  found  in  the 
manner  above  described  with  the  theoretical  specific  gravity  deduced  from  the 
formula  of  the  substance :  — • 

The  formula  of  acetone  is  CgHgO. — In  combining  Tolumes  this  is  represented 
by  8  vols,  of  the  hypothetical  vapor  of  carbon,  8  vols,  of  hydrogen,  and  half 
a  volume  of  oxygen.  Or  the  weight  of  the  unit  of  Tolume  of  acetone-vapor 
will  be  eiiual  to  three  times  the  specific  gravity  of  carbon-vapor,  three  times 
that  of  hydrogen,  and  one-half  that  of  oxygen  added  together,  one  volune 
of  the  compound  vapor  containing  6}  volumes  of  its  components :  — 

8  vols,  hypothetical  vapor  of  carbon     .        •    0*4188  x  8  =  1*2549 

8  vols,  hydrogen 0-0698  X  8  =  0-2079 

}  vol.  oxygen =0*6528 

Theoretical  specific  gravilj  •        •        •        •  2*0116 
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ON-AZOTIZED  BODIES  OP  THE   SACCHARINE   AND  AMYLACEOUS 

GROUP. 


8IT0AB,  8TAB0H,  GUM,  LIGNIN,  AND  ALLIED   8UB8TAN0£8. 

The  members  of  this  remarkable  and  Tery  natural  group  present  several 
iteresting  cases  of  isomerism.  They  are  characterized  by  their  feeble  apti- 
ide  to  enter  into  combination,  and  also  by  containing,  with  a  few  exceptions, 
xygen  and  hydrogen  in  the  proportions  to  form  water. 

Table  of  Saccharine  and  Amylaceous  Subttanees. 

Cane-sugar,  crystallized C24H22OB 

Cane-sugar,  in  combination ^SM^is^is 

Grape-sugar,  crystallized ^u^tfi» 

Grape-sugar,  in  combination ^sm ^21^21 

Milk-sugar,  crystallized ^84^94^84 

Milk-sugar  in  combination ^ai^ioOig 

Melitose  from  Eucalyptw  mannifera ^24^24^24 

Eucalyne  from  the  same ^24^24^24 

Inosite ^24^^24^24 

Sorbin C^HeOe 

Sugar  from  Seeale  comtUum  (Myoose)      ....  ^u^gfin 

Caramel ^24^18^18 

Mannite         . ^12^14^12 

DulcOSe ^14^14^12 

Erythromannite ^8  ^  10^8 

Pinite .  ^uPu^ao 

Quercite •        •  Cg4H2402o 

Starch,  unaltered,  dried  at  212®  (100<>C)        .         .         .  Cj^Hj^Ojo 

Amidin,  or  gelatinous  starch ^24^20^20 

Dextrin,  or  gummy  starch ^24^20^20 

Starch  from  Cetraria  Islandica ^24^80^20 

Inulin .  C24H21O2] 

Gum-arabio ^24^22^22 

Gum-tragacanth ^24^20^20 

Lignin,  or  cellulose ^24^20^20 

Care-sugab  ;  obdinabt-svgab,  (j^^P^t  —  ^^^  ™*^^*  useful  substance  is 
^'ind  in  the  juice  of  many  of  the  grasses,  in  the  sap  of  several  forest-trees, 
'  the  root  of  the  beet  and  the  mallow,  and  in  several  other  plants.  It  is 
Ktracted  most  easily  and  in  greatest  abundance  from  the  sugar-cane,  culti- 
^ted  for  the  purpose  in  many  tropical  countries.     The  canes  are  crushed 
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betweeD  rollers,  sod  the  expresaed  jnice  suffered  to  Sow  into  b,  Urge  taiH, 
where  it  IB  slowly  healed  aearly  to  ita  boiling-point.  A  small  quantity  of  hj- 
drule  of  liine  mixed  with  water  is  then  udded,  wiiieh  occiLaioTia  the  eepnnljgll 
of  B.  congulum  coDBiBting  chiefly  of  earthy  pbosphatee,  waxy  mattar,  ».  }ieoti> 
Ubt  albuminous  prinoiple,  and  mechanical  impuritiea.  The  clear  Uqaidsepl- 
^nted  from  the  ooagulum  thus  produced  is  mpidly  cTaporatod  in  o^en  pans 
beated  by  a  strong  fire  made  with  the  crushed  oaaes  of  the  prcoedmg  yctr, 
dried  in  the  siiu  nod  preserved  for  the  parpoee.  When  eufficiently  aonoeit- 
tmted,  the  ayrap  is  transferred  to  a  shallow  Tessel,  and  left  to  oryBlalUu, 
during  which  time  it  is  froquonlly  agitated  in  order  to  hasten  the  change  anl 
hinder  the  formation  of  large  crystals.  It  is,  laitly,  dminod  fVom  the  '—^ 
uncrystallizable  symp,  or  molaiiti,  and  sent  iato  commerce,  under  the  j 
of  ra»  or  Mutcovada  sugar.  The  refining  of  this  omde  product  is  effected  bf 
redissolviog  it  in  water,  adding  a  quantity  of  albumen  in  the  shape  of  scrlB 
of  blood  or  white  of  egg,  and  sometimes  a.  little  licno-water,  and  heating  Ibl 
whole  to  the  boiling-point ;  the  albumen  ooaguliLtes,  and  forms  a  kind  of  ' 
work  of  fibres,  wliich  enclose  and  separate  from  the  liqald  ail  neohauia 
anspended  impurities.  The  solution  is  deoolorisedbjfiitration  through  aD 
oharcoal,  CTaporaled  to  tlie  arystalliiing-point,  and  pnt  into  coniDalcaTllMf 
moulds,  whore  it  solidifies,  after  some  time,  to  a  confusedly-cryBtaUine  iau% 
vhtoh  is  draiaed,  washed  witii  a  litUe  ciean  syrup,  and  dried  in  a  st^ire:  tkf 
product  is  ordinary  toof-iugar.  When  the  orystolUzatioD  is  allowed  to  tsk| 
place  quietly  and  slowly,  tvgixT-candy  results,  the  crystals  under  these  dipot  ' 
stances  aaquiriug  large  volume  and  regular  form.  The  evaporation  of  the  -;..^_ 
oolorised  syrup  is  best  conducted  in  strong  close  boilers  eiliausted  of  air;  tki 
boiling-point  of  the  syrup  is  reduced  in  conaeqaenoe  from  230°  (llO'C)' 
160  (66°'6C}  or  below,  and  the  injurious  action  of  the  heat  upon  the  ingui 
great  measure  preTcnted.  Indeed  the  produotion  of  molasses  in  the  r""^ 
colonial  manufacture  is  chiefij'  tlie  result  of  the  high  and  loug-continnedl 
applied  to  the  cane-juice,  and  might  be  almost  entirely  prevented  by  tin 
of  Tnoaam-pana,  the  product  of  sugar  being  thereby  greatly  inereftaM 
quantity,  and  so  far  improved  in  quality  as  to  become  almost  equal  to  tl 
reflned  article. 

In  many  parts  of  the  continent  of  Europe  sugar  is  mnuufaclured  on  a 
scale  from  beet-root,  which  contains  about  8  per  cent,  of  that  sabstanes. 
process  is  far  more  compliented  and  troublesome  than  that  just  desoribed, 
the  product  much  inferior.  When  refined,  however,  it  is  scarcely  to  b~ 
tinguished  from  the  preceding.  The  inhabitants  of  the  Western  Stat 
America  prepare  sugar  in  conaidDrable  quantity  from  the  sap  of  the  si 
mapla,  Acer  tacchaTmum,  which  is  common  in  those  parte.  The  tree  is  tH) 
in  the  spring  by  boriog  a  hole  a  little  way  into  the  wood,  and  insertii 
small  spout  to  convey  the  liquid  iuto  a  vessel  placed  for  ita  reoeptioD.  ' 
is  boiled  down  in  an  iron  pot.  and  furnishes  a  coarse  Eugar,  which  is 
wholly   employed  for  domcalic   purposes,   but  little  finding   '■ 


s 


Pure  sugar  slowly  separates  from  a  strong  eolation  in  large,  tran^aMA. 
oulorleis  crystals,  having  tlio  figure  of  a  modified  oblique  rhombic  ptiUL  I 
hHS  a  pure,  swoet  taste,  is  very  soluble  in  water,  requiring  for  solntioD  on) 
Dut'-third  of  its  weight  in  Iha  cold,  and  is  also  disaolvod  by  aloohol,  botwii 
more  difficulty.  When  moderately  heated  it  melts,  and  aolidiSos  on  eo«)iag' 
a  ghisaj  amorphous  mass,  familiar  under  the  name  of  barl^-tugmt  **( 
higher  temperature  it  blackens  and  suffers  decomposition;  and  the  n^ 
effect  is  produced,  as  already  remarked,  by  long-continued  boiling  ot'*'' 
ftqueons  solution,  whiah  loses  its  faculty  of  crystallising  and  becomes  c' 
Ihe  crystals  have  a  specific  gravity  of  1-6,  and  are  unchangeable  in  tli 

The  deep-brown  Bolable  subatanse  caUed  soranii,  used  for  oolorins  ^i* 
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Hid  other  purposes,  is  a  product  of  the  action  of  Leat  npnn  anne-sugsr.     It 
flontains  C^H|,Oa,  and  is  isomeric  witli  oane-siiBiir  in  com bi nation. 

The  fuUuwiiig  is  the  cowposition  assigned  to  Iho  principal  componnds  of 
esDe-augar  b;  M.  Pfligot,  who  has  itevoted  much  utteution  to  the  aubjecL> 

CrjBtulliied  oiroe-Bngar        ....  Cj,H|,0.b  +  430 

Compound  of  sugur  «ith  common  salt  .  (.'^11  „)),(  +  NaCl  -(-  SHO 

Compound  ofaugarwith  barjla,  .  .  .  C„H|,U|8-|- 2BaO+ 4H0 

Compouuii  of  sugar  with  lime      .  .  V„H  ,if}„  +  2CaO  +  4H0 

Coropoand  of  sugar  with  protoxide  of  lead  .  O^HuOu-j- 4PbO 

The  eompouuds  vith  baryta  and  lime  are  prepared  by  digea  ing  sugar  at  a 
gentle  bent  nilh  the  hydrates  of  the  earths.  The  lime-compound  has  a  bittei 
tasta,  and  ia  more  soluble  io  cold  water  than  in  hot  Both  are  readily  decom- 
poBcd  bj  carbonic  acid,  crystals  of  carbonate  of  lime  being  oooasionallj  pro- 
dDoed.  The  combination  with  protoxide  of  lead  is  prepared  by  mixing  sugar 
with  H  solution  of  acetate  of  lead,  adding  eicess  of  ammonia,  and  drying 
the  white  insoluble  product  out  of  contact  with  air.  The  compound  with 
common  salt  is  cry s tall izdble,  soluble,  and  deliqnescent. 

OaApi-suQAH;  ohicdsk;  auoiB  or  fboiis,  C^H„0^  — This  Tariety  of 
BUfsr  is  very  abundantly  diffused  through  the  vegetable  kingdom  ;  it  may  be 
extmatod  in  large  quantity  from  the  jniee  of  sweet  grapes,  and  also  from 
honey,  of  which  it  forms  the  solid  crystalline  portion,  by  washing  with  cold 
aleohul,  wbioh  dissolves  the  fluid  sy mp.  It  may  also  be  prepared  by  artificially 
modifying  cane-augar,  starch,  and  woody  fibre,  by  processes  presently  to  ba 
desoribed.  The  appenraoce  of  this  substance,  to  sn  enormous  extent,  in  the 
nrine,  ia  the  most  characterisOo  feature  of  the  disense  called  dinbtlei. 

Grape-sugar  is  easily  dialinguiahed  by  aeteral  important  peculinritiea  flrom 
oaDe-gogar:  it  ia  much  lees  sneet,  and  less  soluble  in  water,  repairing  IJ 
parts  of  the  cold  liquid  for  solution.  Its  mode  of  crystallization  is  also  com- 
pletely different:  insleiid  of  forming,  like  cane-sugar,  bold,  distinct  crystals, 
It  sepsratea  from  its  solutions  in  water  and  alcohol  in  grannlnr  warty  maasea, 
which  but  seldom  present  cryatallioe  faces.  When  pure,  it  is  nearly  white. 
When  heated,  it  melta,  and  loses  4  eq.  of  water,  and,  at  a  higher  temperature, 
blaebens  and  suffers  decomposition.  Grape-sugar  combines  with  difficulty 
with  lime,  baryta,  and  oxide  of  lead,  and  ia  converted  into  a  brown  or  blacb 
tobBtance  when  boiled  with  a  solution  of  caustic  alkali,  by  which  oane-sugar 
»  but  little  affected.  It  dissolves,  on  the  contrary,  in  strong  oil  of  vitiiol 
without  blackening,  and  gives  riae  to  a  peculiar  compound  acid,  whoae  baryto- 
ealt  IB  soluble.  Cane-sugar  is,  under  these  circumstances,  inatontly  changed 
Id  a  black  mass  resembling  charcoal. 

When  solutions  of  cane-  and  grape-sugar  are  mixed  with  two  separate 
portions  of  solution  of  sulphate  of  copper,  and  caustiG  potaesa  added  in  excess 
til  each,  deep-blao  liquids  are  ohtaioed,  which,  on  being  heated,  eshibit 
different  charactera:  the  one  containing  cane-sugar  is  at  first  but  little  altered; 
s  small  quantity  of  red  powder  falla  after  a  time,  but  the  liquid  long  retains 
ita  blue  tint:  with  the  grape-sugar,  on  the  other  band,  the  first  application  of 
heat  throws  down  a  copious  greeniah  precipitate,  which  rapidly  cbauges  to 
acarlet,  and  eventually  to  dnrk-red  suboxide  of  copper,  leaving  a  nearly 
colorless  eolation.  This  is  an  excellent  test  for  distinguishing  the  two  varieties 
of  sugar,  or  discovering  an  admixture  of  grape-  with  cane-sagar. 

Orape-sugar  unites  with  common  salt,  forming  a  aolnhle  compound  of 
— MUab  BuliDe  taste,  which  cryataltizea  in  a  regij^r  and  beautiful  m 

■  Ann.  Chlm,  et  t^fa,  Ixvil.  113. 
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Covipoundi  n/  Griipe-n 


f 

^^H  Orjetaltiae  griipe-Bug;Br.  dried  in  the  air 

^^K  The  Bucoe,  driod  at  260°  (ISO^C) 

^^^B  Compound  of  gi-ape-su^TBrlrith  comman  gall 

^^K  the  Bitme,  dried  ut  26ti°  (130°C} 

^^V  Compound  of  grape-sugar  with  baijU 

^^F  Compound  of  grnpe-«ug&r  vith  lime 

Compound  of  grope-eugar  vilh  protoxide  of  ttad  . 


0  P^ii/al. 
■«".,0.i  + 

■, ,n„(j„  ■ 
;„H„o„ 


7F0 
3  BO 

NaCl4-2HO 
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Siilphaiacehitrie  Add,  CnF^OuSOj. — Melted  grape-Bngnr  is  cautiontly 
with  ctinceutrated  sulphuric  acid,  the  product  dinsulied  in  water,  and  m 
i»ed  with  oarbonate  of  baryta ;  sufphate  of  barj-ta  is  fonned  togetlier  i 
•oluble  sulpbosaochamta  of  that  earth,  from  whieli  the  aoid  itself  ma;  be  tlU 
Wnrds  otiminated.  It  is  »  sweetish  liquid,  forming  a  TarieC;  of  Eolubla  Eil' 
•nd  Tery  prone  (a  decompose  into  sngnr  and  sulphurio  aeiil. 

Action  of  iliCutt  Atidi  upon  Sugar. — Cnne-sngAr  dissolved  in  dilute  sulpbu 
ftcid  is  gradual];  but  eompletel;  contorted,  at  the  oommon  temperatiire  of  i 
air,  into  grape-sugar.  Tlie  same  solution,  when  long  boiled,  yields  a  brolrnit 
black  and  nearly  insoluble  substance,  which  is  a  mixture  of  two  dufi 
bodies,  one  haiing  the  appearance  of  small  shioing  scales,  and  tlie  other  t 
of  a  dull-browii  powder.  The  first,  called  by  Boullay  and  Malagoti  nil 
Bud  by  Liebig  laccAti/niJn,  is  insoluble  in  ammonia  and  alkalies;  the  neo 
ulmic  acid,  the  taceAuitnic  add  of  Liebig,  diesolvea  freely,  yielding  dark-bn 
BolutioDB  prBcipilable  by  acids.  By  long-oontinned  boiling  with  water,  BU 
ulmic  Bcid  is  coDverted  into  sacchalDiiin.  Borh  those  BUhatances  ban ' 
same  compositioa,  expressed  by  the  fmpinoal  formula  C,UU.  Hydrochtc 
acid,  in  a  dilute  slate,  produces  the  same  effects.' 

Aelion  of  Alkalia  upon  Svgar. — When  lime  or  baryta  ts  disBolTed  in  a  M 
iion  of  grape-sugar,  and  the  whole  left  to  itself  several  weeks  in  a  close  mi 
the  alkaline  reaction  will  be  found  to  have  disappeared  ^om  the  fbrmatiiin 
an  acid  subslaoce.  By  mixing  this  solution  with  basic  acetate  of  \tt&, 
voluminous  white  precipitate  is  ohlained,  which,  when  deoompoBOd  V  i 
phnrelted  hydrogeu,  yields  Bulphide  of  lead,  and  the  now  acid,  to  which 
term  glndc  acid  is  applied.  Glucic  acid  ia  very  soluble  and  deliqneseeol, 
a  aoor  taste  and  acid  reaction  :  its  salts,  with  the  exception  of  that  ooutain 
.rotoiide  of  lead,  are  very  soluble.  It  contains  C^H,Q|.  When  grifii 
ia  heated  in  a  strong  solution  of  potassa,  soda,  or  baryta,  the  liquid  dirl 
and  at  length  aseunies  a  nearly  black  color.  The  addition  of  an  a(dd( 
gives  rise  to  a  black  flocoulout  precipitate  of  a  substnnoe  called  miMaink  ai 
contiiinlng  Cj,H„0,^  Cane-Bugnr  long  boiled  with  alkalies  ODdorgeeS 
same  cbnuges,  bting  probably  lirst  converted  into  grnpe-sugar. 

S(I0A«  of  DiABBTKB  iNsiPtiiuB — A  substanue  having  the  general  propertW; 
of  a  sugar,  but  destitute  of  sweet  tiiste,  has  becu  described  by  M.  Thtnnrd 
having  been  ohtained  iVom  tho  above-mentioned  source.     It  waa  ospaWe' 
furnishing  alcohol  by  fermentation,  and  of  sutfering  conversiun  into 
sugar  by  dilute  snlphnric  acid.     Its  cotaposilion  is  imknowu.     These 
Tations  require  conBrmstioa. 
LiQuoiuaE-BuaAa ;    qltov 
yields  a,  large  quantity  of  a  peculiar  sweet  substance,  which  is  soluble 
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Mt  reftiMS  to  erjstaUiie ;  it  is  remarkable  for  forming  with  acids  eomponn  it 
Ihieh  have  bat  sparing  solubility.  Glycyrrliizin  cannot  be  maJo  to  ferment, 
tke  formiila  of  this  sabstance  is  not  definitely  settled. 

Paxaquilov,  from  Panax  qitinquefol.,  very  much  rescmblefi  glyoyrrhixin, 
bit  is  not  precipitated  from  its  solution  by  sulphuric  acid. 

Sooabovmilk;  lactin;  lactose,  T^Hg^O^. — This  curious  sulnttancp  is 
■  iaportant  constitaent  of  milk;  it  is  obtuinud  in  large  quantiticn  by  eTa|KH 
nting  wA«y  to  a  sympy  state,  and  purifying  tiie  lactin,  which  nlowly  cryhtal- 
Bns  out,  by  animal  charcoal.  It  forms  white,  translucnnt,  rour-Hi«led  priMnis, 
Bf  great  hardness.  It  is  slow  and  difficult  of  Holution  in  cold  water,  rf*r|iiiririg 
hr  that  purpose  6  or  6  times  its  weight;  it  has  a  feeble,  sweet  taHt<>,  and  in 
dw  solid  state  feels  gritty  between  the  teeth.  Wh(*n  lieat«'d,  it  loneH  water, 
ind  at  a  high  temperature  blackens  and  deconipoKeH.  Milk-migar  forms 
wrenJ  oompounds  with  protoxide  of  lead,  and  is  con  vert fsd  into  grn|>e-fiiigar 
>7 boiling  with  dilute  mineral  acids.  It  is  not  directly  fermentable,  but  can 
M  made  under  particular  circumstances  to  furni»h  alcohol. 

Mbutosi  AMD  luOALTNi,  Cg^H^O^i.  —  The  Australian  manna,  which  is  the 
juodoce  of  Euealyptut  mannifera,  according  to  rccfint  rfrMeurchen  of  II«:rthHot, 
Mntains  two  different  isomeric  sugars,  culled  mellit^jse  and  eucalyrif:,  Th«!y 
ttistin  a  state  of  combination  in  the  crystallized  manna,  ohtuinf;d  by  extract' 
tag  the  original  secretion  with  boiling  alcohol.  If  a  solution  of  thix  KubiiUfici 
basabmitted  to  the  action  of  yeast,  the  mcIitoHC  in  dccornpoHetJ  int^f  uJciho} 
ud  earbonio  acid,  whilst  eucalyne,  not  being  fermentable,  is  M«:t  free.  On 
Bnporating  the  liquid,  eucalyne  is  obtained  as  a  syrupy  maH«». 

Iiosm,  G|4Hg,0^4HO,  occurs  in  almost  all  parts  of  the  animal  syfitem,  and 
ii  identical  with  phaseomannite,  which  occurs  in  unripe  >>«'ans  (J'h^Mfolut. } 
It  forms  prismatic  crystals  of  the  form  of  gypsum,  is  s^iluble  in  irat<!r,  but 
iiwlable  in  alcohol  and  ether.  If  this  sugar  be  evaporated  with  nitric  acid 
Dflurly  to  dryness,  the  residue  be  mixed  with  a  little  ammonia  and  chlorid<i  of 
esldnm,  and  again  evaporated,  a  beautiful  roHe  tint  is  produced,  whi';h  is 
qnite  characteristic  of  this  substance. 

SoRBiv,  CfHfOf  or  GisHj^O^.  —  M.  Pclouze  has  obMenred  that  the  Jiiic<:  of 
the  berries  of  the  mountain  ash,  when  allowed  to  stand  for  ftome  timo  in  op<iri 
^MBels,  deposits  a  brown  crystalline  matter,  which,  on  recry>.t:il)ixation,  mn.y 
ho  obtuned  in  transparent  coIorlcHS  crystals.  This  subKtance  in  alrnoiit 
hiMlable  in  alcohol,  but  easify  soluble  in  water,  which  siHHuuif.H  an  f.Kf.t:p.'\iuy\y 
■veet  taste.  Sorbin  is,  however,  no  sugar;  it  in  not  cnpabb;  of  ff.rmt^.uUmf,, 
Borean  it,  by  the  action  of  acids,  be  converted  into  grape-Hugnr,  A  mAuWin 
ef  aorbin,  when  mixed  with  ammonia  and  a  solution  of  ac«;tat<f  of  lead, 
toshes  a  white  flocculent  precipitate,  which  contains  2l'bO,  (\\l^f)^. 

BvoAB  FROM  Ergot  of  Rye:  mycose. — ThiH  variety  of  hu((ar,  tzxUtif.tfl  by 
ileohol  from  the  ergot,  crystallizes  in  transparent  coIorlesH  prJKins,  whM:h  hfiVi* 
•  iweet  taste,  and  are  very  soluble  in  water.  It  diff«;rs  from  cane'^uirfir  in 
M  reducing  the  acetate  of  copper  when  boiled  with  a  solution  of  that  sub- 
>^ee.    It  contains  C^HggOgg. 

M.  Berthelot  has  recently  obtained  compounds  of  nearly  all  the  Hti[i^nrn  with 
fcida,  especially  with  the  so-called  fatty  acids.  These  compounds  r<?i(enibl<i 
^  tlieir  constitution  and  properties  the  fats. 

Masxa-suoar ;  mannite,  C^y^^O^  ot  CygU^^Oi^  —  This  is  the  chief  eorfipo- 
>CBt  of  manna,  an  exudation  from  a  species  of  ash ;  it  is  als'i  found  in  th<9 
Jiiee  of  certain  other  plants,  and  in  several  sea- weeds,  and  mi»y  \ni  fi,nuf'i 
irtifieially  from  ordinary  sugar  by  a  peculiar  kind  of  fermentation.  It  is  honi 
F>^red  by  treating  manna  with  boiling  alcohol,  and  filterin{(  the  solution 
Wst  hot :  the  mannite  crystallizes  on  cooling  in  tufts  of  hl'^nder  colorl'TCf 
^tedlei.  It  is  fusible  by  heat  without  loss  of  weight,  h  fre«:Iy  soluble  in  water, 
MseBses  a  powerfully  sweet  taste,  and  has  no  purgative  properti<'t{.  Mtinnite 
^vm  to  ferment.     Tins  substance  combines  with  sulphuric  acid,  igttiii^  riv4 


BTARCH. 

^id,  the  oompogition  of  which  ia  nol  yet  definitely  ostriMfdieS.  i 
U  likeirise  acted  on  bj  conDenlrnted  nitric  noid.     The  prnduot  of  this  bi  ' 
■"  ■  1  noticett  furtlier  on.      The  subslanoB  forniHrly  dflscribed  na  muiAn 
ia  merelj  mannite. 

DuLoOHK,  C,H,0,.  or  C,,H.,Ou. — Closel}'  nllied  to.  and  identical  in  eon] 
BidoQ  witli  mannite,  is  a  ^ubBtuiice,  imported  into  Europe  from  Msdagu 
the  origin  of  which  ia  uncertain,  bnt  wbicb  has  been  exnmiiied  b;  Mo 
Soubeirnn,  Liiureiit,  and  Joqaelain.  It  forma  large  crystnlg,  which  foea 
374<  (IBO'C).  DulooBe  is  insolnble  in  boiling  alcohol,  and  nol  preoipital 
by  bnaio  acelote  of  lead.     It  is  not  capuble  of  undergoing  fermentittlan. 

Ektthbokannitk,  PuToiTK,  C,I1  „0^  or  CgillioO,,. — This  augur  is  fonir 
Pratoenccui  vulgarii.  It  was  origitially  diacovered  by  Dr.  Stenbouae  aa 
the  products  of  decomposition  of  erjtbrio  acid  (hbb  the  ohnplsr  on  lioliB 
It  eryatalliieB  in  Inrge  trnnsparent  prisms,  is  leadily  soluble  in  vataTi 
«ith  diffioally  Eoluble  in  alcohol.      It  ia  Dot  fermentable. 

Finite,  C^HijO^ — A  secretion  of  n  California  pine-tree  {Pinat  lambtfUa 
gives,  on  extraction  with  vater,  a  Bubatance  wbich  oryatnlUzea  is  betfyi 
forms,  of  a  sweet  taste,  like  sngiir-CBDdy,  This  kind  of  aagnr  ia  not  solll 
in  alcobol,  is  not  fermentable,  and  doea  not  reduce  an  alkaline  aolatioo  aft 
trate  of  oopper.  not  even  after  previous  treatment  with  salphurio  odd. 

Qdibdite,  C^HgiOig. — This  sugar  is  found  in  acorns.    Being  unforment  ^ 
th«  jnice  of  the  acorn  ia  anbmitted  to  fermentation.     The  fermented  liq* 
on  evapomtioD,  yields  small  prisms  of  qaercite.   This  sugar  ia  soluble  in 
and  dilute  alcohol. 

Stabob  ;  mcriiA.  —  Thia  is  one  of  the  most  important  and  widely  diffai 
of  tbe  vegetable  proximate  principles,  being  found  to  a  grvater  or  less  fail 
in  every  plant.  It  is  moat  abnndnnt  in  certwn  roots  ami  tubers,  and  in* 
stems:  seeds  often  oontain  it  in  large  quantity.  From  these  aouroua  the  feel 
can  be  obtained  by  rasping  or  grinding  to  pulp  the  vegetable  stmclura,  I 
washing  the  mass  upon  a  sieve,  by  ithich  the  torn  cellular  tissue  i»  1 
lained,  while  the  starch  passes  through  with  the  liquid,  and  eventually  seH 
down  from  the  latter  as  a  soft,  white,  insoluble  powder,  which  may  be  wut 
TTith  cotd  water,  ami  dried  with  very  gentle  heat.  Potatoes  treated  in  t 
manner  yield  a  large  proportioD  of  starch.  Starch  R'om  grain  ma;  bs  Jl 
pared  in  tbe  same  manner,  by  miiiog  the  meal  with  water  to  a  paatt,  t 
washing  the  lunss  opon  a  sieve:  n  nearly  white,  insolnble  substance,  eal 
'  fluten  or  ghitm,  remainn  behind,  which  contains  a  large  proportiou  of  nil 
gen.  The  glutin  of  wheat  flour  is  extremely  tenaoions  and  elastio.  Tha  n 
of  meal  aa  an  article  of  food  greatly  depends  upon  this  subBtance.  8t> 
from  grain  ia  commonly  manofuctnreJ  on  the  large  scale  by  steeping  IheiM 
rial  in  water  for  a  considerable  period,  when  the  liujtio  acid,  always  dertlo 
nnder  such  circumstanoes  fVom  the  sugar  of  the  seed,  disiutegraleg,  mi 
part  diBsalves  the  azodzed  matter,  and  greatly  facilitates  the  meahaniMtMl 
ration  of  that  whioh  remains.  A  still  more  easy  and  Buocessfal  proeewl 
lately  been  introduced,  in  which  n  very  dilute  solution  of  caustic  Bodt,  • 
taiuiiig  about  200  grains  of  alkali  to  a  gallon  of  liquid,  is  employed  wilbl 
same  view.  Eicellent  starch  is  thus  prepared  from  rice.  Starch  is  iusda 
in  cold  water,  us  indeed  its  mode  of  preparation  sufficiently  shows ;  it . 
Inaolnble  in  alcohol  and  other  liquids  which  do  not  efiect  its  decompoBitil 
To  the  naked  eye  it  presents  the  appearance  of  a  soft,  white,  and  ottea  gl 
teaing  powder;  nnder  the  microscope  it  is  seen  to  be  altogether  deatilntft' 
orystalline  structure,  but  to  possess,  on  the  contrary,  a  kind  of  organiulil^ 
being  made  up  of  multitudes  of  little  rounded  transparent  bodies,  op 
Each  of  whioh  a  series  of  depressed  parallel  ringa,  snrrouodLng  a  aentmisp 
Br  hilum,  may  often  be  traced.  The  slarob-grnnulea  from  different  plaulsiil 
butti  in  magnitude  ind  form  ;  those  from  the  Canna  cocrinea,  or  laui  la  M 
knd  }iDtalo  being  largest ;  and  those  from  wheat,  and  the  cereals  in  general,  *l4 
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81}  will  BBr»B  to  convBj  an  idea  of  the  appear- 
t       h  h  ghly  m  g 

1    ISl 

Wlien  a  miitura  of  starch      d  w  t  Ii    t  d 

touearthe  boiling-pointof  ih    1    I      th    gr       I  (if^^                           — , 

boret  and  disappear,  prodaci  g    f  th     p     p     t  \iQ        QV\           >J 

ofalarohbeoonaidarable,  ath    k  g  1  la         m    g.  ^         '^     UMr 

Tery  slightly  opalesceol,  fro      tli      b    d      f  fi  ^r-\ 

Hiembranp.  the  envelop  of  «a  h      p  mt     gr       1  ^-,    \Jn  .^"^^ 

By  the  adiltlion  of  a.  large  qu     titj    f  w          thia  fcA           QpF 

gelatinous  starch,  or  amidin,  m  y  b        f     dil  I  d  I^J      f^fK 

na  to  pass  iu  great  meaaure  Ih       gh   fill      p  pe  ^£\  r\ 

It  U  vary  doubtful,  howeye      b  w  f      Ih        b-  /^V^^ 

stance  itself  is  really  eolubl          w  t         tit  jfi^M 

when  oold ;  it  is  more  likely  to  be  m      ly  *^^         f\ 

ponded  intheliquid  intheform   f      w  11      t  ^?\X  ?~\    if"   3 

parent,  .inaolnble  jelly,  of  eit    m    t    lu  y     CI  gMMj(t/^-\  \.^ 

daoUB  slarcli,  eiposed  in  a  (h     1  y     t       d  y    t  ^^IP^jjjy 
mosphere,    becomes    convert  d                  y  11  w    h 
bomy   eubstauce,  like  gum,  wh   I    nb      p  t      tut        gain      ft        and 

Thin  galatinons  Btaroh  is  p  p  t  d  by  m  y  f  th  m  tall  iides 
lime,  baryta,  and  protoxide  fid  dl  by  Irg  ddt  falhl 
Infusion  of  galls  throws  down  a  copious  yellowish  preeipitnte  containing  tannic 
acid,  which  redisaolvea  when  the  solution  is  heated.  By  far  the  most  charao- 
teriatic  reaction,  however,  ia  that  with  free  iodine,  which  farms  with  slarch  B, 
deep  indigo-blue  componnd,  which  appears  to  dissoWe  in  pure  water,  although 
it  is  insoluble  in  solutions  containing  free  acid  or  saline  matter.  The  bine 
liquid  has  its  color  destroyed  by  heat,  temporarily  if  the  beat  be  quickly  with- 
dniwn,  and  permanently  if  tbe  boiling  be  long  continued  ;  in  which  case  the 
eompound  is  decomposed  and  the  iadine  Tolatiliied.  Starch  in  the  dry  state, 
put  into  iodine-water,  acquires  a  purpliah-black  color. 

The  Qnaitered  and  tbe  gelatinous  starch,  in  a  dried  state,  have  tbe  same 
oompoBition,  namely,  Cj,H„Oj,.  A  compound  of  starch  and  protoiide  of 
lead  was  foand  to  contain,  when  dried  at  212'"  (lOCC),  C„H^O„-|-  4PbO. 

Dbxtbin, — WhcD  gelatinous  starch  is  boiled  with  a  small  quantity  of  dilute 
■nlphnrio,  hydrochloric,  or,  indeed,  almost  any  acid,  it  spe;edily  loses  its  con- 
Bistencj,  and  becomes  thin  and  limpid,  from  having  suffered  convorsiDn  into  B 
BOlnble  substance  resembling  gnia,  called  deitrin.^  The  experiment  is  moat 
aoDveoiently  made  with  sulphuric  acid,  which  may  be  afterwards  withdraim 
by  aaturatioQ  with  chalk.  Tbe  liquid  filtered  from  the  nearly  insoluble  gyp- 
aum  may  then  be  evaporated  in  a  water-bath  to  dryness.  The  result  is  a  gum- 
like mass,  destitute  of  crystalliue  structure,  soluble  in  cold  water,  and  preol- 
pitable  from  its  solution  by  alcohol,  and  capable  of  combining  with  protoxide 
of  lead. 

When  the  ebullition  with  the  dilute  acid  is  continaed  for  a  considerable 
period,  the  dextrin  first  farmed  ondec^oes  a  faHber  change,  and  becomes  oon- 
vtFTted  into  grape-sugar,  which  can  be  thus  artificially  prodaced  with  the 
sreatest  facility.  The  length  of  time  required  for  this  remarkable  change 
depends  upon  the  quantity  of  acid  present ;  if  the  latter  bo  very  small,  it  is 
tieo«9sary  to  continue  the  bollittg  many  successive  hours,  replacing  the  water 
which  evaporates.  With  a  larger  proportion  of  acid,  the  conversion  is  much 
more  speedy.  A  mixture  of  16  parts  polato-starch,  60  parts  water,  and  6 
pHrta  Butphurio  acid,  may  be  kept  boiling  for  about  four  hours:  the  liquid 
neutralized  with  chalk,  filtered,  and  rapidly  evaporated  to  a  small  bulk.     By 

•  Vrom  IU  hSod  on  polulied  %h^  tvliting  tha  plmw  of  pDluIiKtiDa  louonli  like  r\nU 
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digeBticn  with  nnimnl  ahnreanl.  and  a  neeond  filCralian,  mnch  of  th«  eiftiiFtfl 
be  remoTsd,  after  nhicb  the  uolution  ma;  be  boiled  tlnirn  to  n,  iliin  ajTBp  lu 
Urt  to  ci'l'stallixe :  in  tlie  coarse  of  ik  rew  dn^a  it  !-olidifics  tu  b  miBa  a(  gnptr 
■ugnr.  Tliero  h  another  method  of  preparing  this  subi^tance  rrotn  sNinlb 
whioh  deaerrcs  purtiaiilnr  notice.  GerniinntiiiK  Beeila,  and  buds  io  the  Mt.n 
deTelopment,  are  foand  to  contnin  a  smSill  qunntily  of  a  peculinr  niulixein^ 
■luiee,  formed  at  Ihis  particular  period  from  the  glutin  or  vegetiible  iilhuni^ 
OUB  matter,  to  which  the  nnme  diatlaii  is  given.  This  subetanoe  powtUH  ll 
jnme  DUriouB  property  of  effecting  the  coiiTerHion  of  Gtaroh  into  dexti^N! 
altimftlely  into  grape-sugar,  and  at  a  much  lower  temperature  tbnn  tlBtl 
ctiullitioa,  A  little  infusion  of  mult,  or  germinated  burlcy.  in  tepid  n 
tniied  with  a  large  quantit;  of  thick  gelalinoiia  starch,  and  ths  vholan. ... 
tnioed  at  160°  (T1°C}.  or  theresboals,  occitBiona  complete  liquefaction  inftl: 

iipace  of  a  few  minutes  from  the  production  of  dextrin,  which  in  ita  tW 
becomes  in  three  or  four  boars  oDnverted  into  sugar.     If  a  greater  degree  I 
heat  be  employed,  the  dinetose  ie  coagulated  and  renilcred  insoluble  antliBMi' 
tiTB.     Very  little  is  known  respecting  diOBtase  itself;  it  seemE  very  mvAl 
resemble  Togetable  nlbumen,  but  bim  noTer  been  got  in  n  state  of  pnri^,   - 
The  change  of  starch  or  doilrin  into  sugar,  whether  produced  by  tlia  t(& 
of  dilute  acid  or  by  diastase,  takes  place  quite  independently  of  tba  oqM 
of  the  air,  and  ia  unaccompanied  by  any  secondary  product.     The  mind.lM 
va  direct  part  in  the  reactiou  ;  it  ntay,  if  not  Tolatile,  be  alt  withdrawn  wiflKI 
loss  after  tba  experiment.     The  whole  reaction  lies  between  the  standi  M 
the  elements  of  watflr;  a  fisation  of  the  latter  occurring  in  the  new  prodwl 
OS  will  be  seen  at  once  on  comparing  their  composition.     The  sugar,  inftlit' 
fo  produced,  very  sensibly  eiceeds  in  weight  the  starch  employed.     DeilrfB 
itself  has  exactly  the  same  composition  as  the  original  starch. 

Dextrin  is  used  in  the  arts  as  a  substitute  for  gum :  it  is  sometimea  madelt 
the  manner  above  described,  but  more  frequently  by  healing  dry  potato-Bt»«i 
to  400°  (204°-SC),  by  which  it  acquires  a  yeUowish  tint  and  becomes  wlrij 
In  cold  water.  It  is  sold  in  this  state  onder  the  appellation  of  Brititi  Gm/l 
Starch  is  an  important  article  of  food,  especially  when  associated  as  In  olt 
nary  meal  with  albuminous  substances.  Arrow-root,  and  the  fecola  of  lUt 
Canna  eoednta.  are  very  pure  Tarieties,  employed  as  articles  of  diet; 
root  is  obtained  from  the  Afaranla  arvrtdinacea,  cultiTated  in  the  West  lodiMf 
it  is  with  difficulty  distinguished  from  potalo-slarch.  Tnpiaca  is  preptnv 
from  the  root  of  the  tatropha  manihol,  being  thoroughly  purified  from  its  pl(< 
Bonoua  juice.  Caiiava  is  the  same  substance  modified  whilst  moist  bybC* 
Bago  is  made  from  the  soft  central  portion  of  the  stem  of  a  palm-tree. 

STABca  FROM  IcrLANi)  Moss. — The  lichen  called  Ctlraria  Iilandiea.pmfl 

by  a  little  cold  solution  of  potas^n  from  a  bitter  principle,  yields,  when  bdk 

I     in  water,  a  slimy  and  nearly  colorless  liqnid,  which  gelatinizes  on  coohng,  u 

I      dries  up  to   a  yellowish  amorphous  mass,  which  does  not  disaolTe  in  iM 

I      water,  bat  merely  softens  and  swells.     A  solution  of  this  substance  in  ■( 

water  is  not  afflicted  by  iodine,  although  the  jelly,  on  the  oontrnry.  ia  nude 

blue.      It  is  precipitated  by  nlcoliol,  acetate  of  lead,  and  infusion  of  galls,  L. 

is  converted  by  boiling  with  dilute  sulphuric  acid  into  grape-sugar,     Acoorft 

ing  to  Malder,  lichen-alarch  likewiao  contains  C„H„Oa|.      The  jelly  from  tm 

tain  alga,  as  that  of  Ceylon,  and  the  so-called  Carriighten  most,  cloaely  resM^ 

bles  the  ahoTe. 

iMnLiM.  —  This  substance,  which  difiers  from  common  starch  ii 
pcrtant  particulars,  is  found  in  the  root  of  the  Tnvia  /trlmiuta,  the  E 
lukeronu,  the  dahlia,  and  several  other  plants:  it  may  be  easily  obtaiort 
washing  tbe  rasped  root  on  a  sieve,  and  allowing  tbe  inalin  to  setUe  dl 
from  the  liquid;  or  by  cutting  the  root  into  thin  slices,  boiling  these  in  wn 
nnd  filtering  while  hot;  tbe  iunlin  separates  as  the  solution  cools.    It  li  ^ 
Vhits,  amorphous,  tosteleaa  substance,  nearly  insoluble  in  cold  w 
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bely  cUssolTed  by  the  ud  of  heat;  the  solution  is  precipitated  by  slcoholt 
kit  not  by  aeetate  of  lend  or  infuHion  of  galls.  Iodine  commnnioates  a  brown 
idor.  Innlin  has  been  analyzed  by  Mr.  Parnell,  who  finds  it  to  contain,  when 
««i  at  212»  (lOOoC),  G^H„0„. 

QuM. — Oum  arabic,  which  is  the  produce  of  several  species  of  acacia,  may 
be  taken  as  the  most  perfect  type  of  this  class  of  bodies.  In  its  purest  and 
Inest  condition,  it  forms  white  or  slightly-yellowish  irregular  masses,  which 
ire  destitute  of  crystalline  structure,  and  break  with  a  smooth  oonchoidal 
hMStare.  It  is  soluble  in  cold  water,  forming  a  Tiscid,  adhesive,  tasteless 
■elation,  fh>m  which  the  pure  soluble  gummy  principle,  or  arabin,  is  precipi- 
tated by  alcohol  and  by  basic  acetate  of  lead,  but  not  by  the  neutral  acetate  * 
AvalHn  is  composed  of  Cg|H^^  and  is  consequently  isomeric  with  crystallized 
kwe-flugar. 

Mmdlage,  so  abundant  in  linseed,  in  the  roots  of  the  mallow,  in  talepy  the 
ladiy  root  of  Orehit  nuueula,  and  in  other  plants,  differs  in  some  respects  from 
flw  foregoing,  although  it  agrees  in  the  property  of  dissolving  in  cold  water. 
Xhe  solution  is  less  transparent  than  that  of  gum,  and  is  precipitated  by  neu- 
tnl  aeetate  of  lead.  Chim-traffaeanth  is  chiefly  composed  of  a  kind  of  mucilage 
le  iriiieh  the  name  bastorin  has  been  given,  and  which  refuses  to  dissolve  in 
Vater,  merely  softening  and  assuming  a  gelatinous  aspect  It  is  dissolved  by 
•MUtiti  alkali.  Ceraain  is  the  term  given  to  the  insoluble  portion  of  the  gum 
off  tiie  cherry-tree ;  it  resembles  bassorin.  The  composition  of  those  various 
■abstanoes  has  been  carefully  examined  by  M.  Schmidt,  who  finds  that  it 
dosely  agrees  with  that  of  starch.  Mucilage  invariably  contains  hydrogen 
nd  oxygen  in  the  proportion  in  which  they  form  water,  and  when  treated 
^th  acid,  yields  grape-sugar. 

Pd6<m,  or  the  jelly  of  fruits,  is,  in  its  physical  properties,  closely  allied  to 
tte  fmregoing  bodies.     It  may  be  extracted  from  various  vegetable  juices  by 
fredintation  by  means  of  alcohol.     It  forms  when  moist  a  transparent  jelly, 
■ohAle  in  water,  and  tasteless,  which  dries  up  to  a  translucent  mass.     It  is  to 
thii  substance  that  the  firm  consistence  of  currant-  and  other  fruit-jellies  is 
•mibed.     According  to  M.  Fr^my,  the  composition  of  pectin  is  C^Il480^. 
By  ebullition  with  water  and  with  dilute  acids  it  is  changed  into  two  isomeric 
Mtdifications,  to  which  the  names  parapectin  and  metapeetin  have  been  given. 
Ib  contact  with  bases,  these  three  substances  become  converted  into  peetie  acid, 
irtuoh,  except  that  it  possesses  feeble   acid  properties,  and  is  insoluble  in 
^nter,  resembles  in  the  closest  manner  pectin  itself.     By  long  boiling  with 
Mlotion  of  caustic  alkali,  a  farther  change  is  prodilCed,  and  a  new  acid,  the 
Mfmeft'e,  developed,  which  does  not  gelatinize.    The  salts  of  these  two  acids, 
*e  meapable  of  crystallizing.     Their  composition  is  represented  by  the  fol- 
lowing formulas :  — 

Pectioacid 2HO,C8gHgoOg8 

Metapectio  acid 2}10,C2^UjglO^. 

V^  doubt  still  exists  respecting  the  composition  of  the  various  bodies  of  tho 
PNtia  series;  they  do  not  appear,  from  the  analyses  yet  made,  to  contain 
*i7Sen  and  hydrogen  in  equal  equivalents,  and  consequently  scarcely  \  elong 
to  the  starch-group. 

Uosiii;  0£LLniK)SE.  —  This  substance  constitutes  the  fundamental  material 
•»  the  structure  of  plants ;  it  is  employed  in  the  organization  of  cells,  and 
'•ttle  of  all  kinds,  and  forms  a  large  proportion  of  the  solid  parts  of  every 
^^SBttble.     It  must  not  be  confounded  with  ligneous  or  woody  ii88ue,  which 


flu^f  piwluitateprodaced  by  sab-salts  of  lead  is  a  oomponnd  of  arabine  and  oxide 
]2««Oh+9pVO.    By  the  action  of  very  dilute  sulphuric  acid  arabine  is  slowly  chan; 
r^Mna^  and  by  prolonged  contact  into  Klaoose.  Nitric  acid  decomDOMSttaia 
*"abftBaiiJfciin«te77oxa;i^a«i(i.— ii  B.i 


of  lead, 
changed  into 


OXALIC    ACID.  861 

liqmd  concentrated,  by  distilling  off  the  superfluous  nitric  acid,  until  it 
deposits  crystals  on  cooling.  These  are  drained,  redissolved  in  a  small  quan- 
tity  of  hot  water,  and  the  solution  set  aside  to  cool.  The  acid  separates  from 
%  hot  solution  in  colorless,  transparent  crystals  derived  from  an  oblique 
riiombic  prism,  which  contain  three  (six)  equivalents  of  water,  one  (two)  of 
.these  being  basic  and  inseparable,  except  by  substitution  ;  the  other  two  (four) 
.toay  be  expelled  by  a  very  gentle  heat,  the  crystals  crumbling  down  to  a  soft 
white  powder,  which  may  be  sublimed  in  great  measure  without  decomposition. 
The  crystallized  acid,  on  the  contrary,  is  decomposed  by  a  high  temperature 
Joto  carbonic  and  formic  acids  and  carbonic  oxide,  without  leaving  any  solid 
vendue. 
-  The  crystals  of  oxalic  acid  dissolve  in  8  parts  of  water  at  60°  (16°-5C),  and 
pk  their  own  weight,  or  less,  of  hot  water ;  they  are  also  soluble  in  spirit 
The  aqueous  solution  has  an  intensely  sour  taste  and  most  powerfully  acid 
jreaction,  and  is  highly  poisonous.  The  proper  antidote  is  chalk  or  magnesia. 
Qxa}io  acid  is  decomposed  by  hot  oil  of  vitriol  into  a  mixture  of  carbonic  oxide 
and  carbonic  acid ;  it  is  slowly  converted  into  carbonic  acid  by  nitric  acid, 
irhenoe  arises  a  considerable  loss  in  the  process  of  manufacture.  The  binox- 
ides  of  lead  and  manganese  effect  the  same  change,  becoming  reduced  to  prot- 
oxides, which  combine  with  the  unaltered  acid. 

The  relation  of  oxalic  acid  to  sugar  is  obvious  from  the  foUowiAg  dia- 
gram:— 

1  eq.  sugar      =  CjiHigOjgl   f  12  eq.  oxalic  acid  =  C^      0^ 

86  eq.  oxygen  = 0^  j    ~  \  18  eq.  water  =r       HjgOij 

The  most  important  salts  of  oxalic  acids  are  the  following  — 

Nbittbal  oxalate  of  potassa,  KO,CgOj  -f-  HO. — This  is  prepared  by  neu- 
tralizing oxalic  acid  by  carbonate  of  potassa.  It  crystallizes  in  transparent 
rhombic  prisms,  which  become  opaque  and  anhydrous  by  heat,  and  dissolve 
in  8  parts  of  water.  Oxalate  of  potassa  is  often  produced  when  a  variety  of 
organic  substances  are  cautiously  heated  with  excess  of  caustic  alkali. 

BiNOXALATE  OF  POTASSA,  KO,2CgO,+  3H0.  — Somctimcs  csMed^sait  o/tor- 
relj  from  its  occurrence  in  that  plant.  This,  or  the  substance  next  to  be  men- 
tioned, is  found  also  in  the  rumex  and  oxalis  acetosella,  and  in  the  garden  rhu- 
barb, associated  with  malic  acid.  It  is  easily  prepared  by  dividing  a  solution 
of  oxalic  acid,  in  hot  water,  into  two  equal  portions,  neutralising  one  with 
earbonate  of  potassa,  and  adding  the  other;  the  salt  crystallizes,  on  cooling, 
in  colorless  rhombic  prisms.  The  crystals  have  a  sour  taste,  and  require  40 
parts  of  cold,  and  6  of  boiling  water  for  solution. 

QuADBOXALATE  OF  POTASSA,  KO,4C20,+ ^HO. — Prepared  by  a  process 
similar  in  principle  to  that  last  described.  The  crystals  are  modified  octahe- 
dra,  and  are  less  soluble  than  those  of  the  binoxalate,  which  the  salt  in  other 
respects  resembles. 

Oxalate  of  soda,  NaOjC^Oj,  has  but  little  solubility ;  a  binoxalate  exists. 

Oxalate  of  ammonia,  NH40,C20,  -f~  HO.  — This  beautiful  salt  is  prepared 
by  neutralizing  by  carbonate  of  ammonia  a  hot  solution  of  oxalic  acid.  It 
erystalliies  in  long,  colorless,  rhombic  prisms,  which  efioresce  in  dry  air  from 
loss  of  water  of  crystallization.  They  are  not  very  soluble  in  cold  water,  but 
freely  dissolve  by  the  aid  of  heat.  Oxalate  of  ammonia  is  of  great  value  in 
analytical  chemistry,  being  employed  to  precipitate  lime  from  its  solutions. 
When  oxalate  of  ammonia  is  heated  in  a  retort,  it  is  completely  decomposed, 
yielding  water,  ammonia  and  carbonate  of  ammonia,  cyanogen  and  carbonic 
acid  gases,  and  a  small  quantity  of  a  peculiar  grayish-white  sublimate.  The 
latter  bears  the  name  of  oxamide ;  it  is  a  very  remarkable  body,  and  forms  the 
type  of  a  large  class  of  substances  containing  the  elements  of  an  ammoniacal  i 

«1  1 
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(ftlt,  minnt  tbnse  of  «>ter.  Oiamide  is  composed  of  C,B^C^  Lt.,'VEp, 
C,Of  —  2U0,  or  the  elemeutB  of  1  eq.  smidugen,  and  2  eq.  carbonic  oiid*.  n 
li  ibSDluble  in  nater  and  alcohol:  when  boiled  with  an  alkali  it  farnieheBM 
dialate  o(  the  base,  and  nnHDonlB.  which  ie  eipelled ; 
ta  acid,  it  producea  ao  iniBioniacal  aalt  When  treated  nilh  nltroua  add  it 
Hltawiae  reprodncea  oialio  acid,  pore  nitrogen  being  eiolrcd,  CiHJlC^  -|-  N(L 
s:  C^^HO  -f  HO  -(-  2N.  Oiamide  ie  ths  representatiie  of  a  tolerablj  laiK 
•lacB  of  bodies  baring  very  analogous  chemical  Telatioos,  and  appareDdj  ti, 
eammoD  coDBtitutioD.  OiamidG  is  obtained  purer  and  more  nbnndaoti;  froMi 
oxalic  ether;  iie  preparation  nil]  ba  found  described  under  the  head  of  thif 
BubstBDce.  Oialnte  of  ammonia,  when  distilled  nilh  anbjdroas  phoBph<Rt| 
Mid.  loses  four  eqaiTaleDts  of  water,  and  jielita  a  considerable  qoantit;  g 
cjanogoQ,  NH40,C,0,  —  4H0  =  C,N.  There  are,  howeTer,  other  comjwwu" 
ttmultaoeont^ljr  produced. 
I  The  binoxalute  of  ammonia  is  atill  less  soluble  than  the  oxalate.      When  Ik 

■alt  is  healed  In  an  oil-hath  to  460°  (23S°'2C),  among  other  prodncts  an  U 
'  called  tbe  ozamieia  generated,  conlniningC,IIgNO„HO,  i.  (.,  NH,0,C/I,4-  HI 
CjO,  —  2H0,  and  maj  be  viewed  as  a  compound  of  oxalic  acid  with  oiamid 
It  forms  soluble  compounds  with  lime  and  hnrjta.  When  beated  with  ilk 
1U«  it  yields  ammonia  and  an  oxalate  ;  hot  oil  of  vitriol  reeoWes  it  into  H 
bonic  oxide  and  carbonic  acid;  and  water  coDvertH  it,  at  a  boiling  temptf 
tore,  into  binoialate  of  ammonia.  Oxamic  acid,  too,  is  interestiDg  as  fl 
^pe  of  a  Tery  large  elaus  of  aimilarly-conatracled  compounds. 

OXALATS  OF  Line,  CaO.C^,  +  2H0.— Tbis  compound  la  formed  wheasn 
oxalic  acid  or  an  oxalate  is  added  to  a  soluble  salt  of  lime  ;  it  falls  M  a  wU 

powder,  which  acquires  densiCj'  b;  boiling,  and  is  but  little  si 

hydrochlorio,  and  entirolj  insoluble  in  acetic  acid.  Nitrio  acid  diaaolTSs] 
easily.  When  dried  at  212°  (lOO'C)  it  rclains  an  equiTalent  of  water,  whig 
may  be  driien  off  by  a  rather  higher  temperature.  Exposed  to  a  red  heati 
a  close  lessel,  it  is  converted  into  oarboDate  of  hme,  with  escape  of  n  '  ' 
oxide. 

The  oxalates  of  baryla,  sine,  manganne,  protoxiit  of  iron,  topper,  nidal,  al 
eoball,  are  nearly  insoluble  in  water;  that  of  magnaia  ia  sparingly  golnb' 
and  that  of  the  laguioxide  of  iron  freely  soluble.  The  doable  ozalalt  <ff  A 
nium  and  paiaiia,  made  by  dieaolring  in  hot  water  1  part  biohromale  I 
potnssa,  2  parts  binoialate  of  potassa,  and  2  parts  oryetalliied  oxahc  aeiiL 
one  of  tho  most  beautiful  salts  known.  The  crystals  appear  black  by  reSeeC 
light  from  the  inlensity  of  their  color,  which  ia  pure  deep  blue  :  they  arefC 
ioluble.     The  aall  contains  3(K0,C,0,),  +  Cr,(V3C„0,  +  600.     A  ooitl 

eonding compound  containing  sesquioiide of  iron  has  been  formed;  iteijst 
ICE  freely,  and  has  a  beauCifnl  green  oolor. 

Saco&abic  acid,   CtBfOj.HO.  — This  sabstsnce  was  duos  thonght  tol 
identical  with  malio  acid,  which  is  not  the  case ;  it  is  formed  by  the  aelioB  I 
dilate  nitric  acid  on  sugar,  and  is  often  produced  in  the  preparation  of  oilP 
aoid,  being,  from  its  superior  solubility,  found  in  tbe  mother-liqoOT  (H 
which  the  oxalic  acid  has  crystalliied.     It  may  be  made  by  heating  togUk 
1  part  sugar,  2  parts  nitric  acid,  and  10  parts  water.     When  the  raaolf 
■eems  terminated,  tbe  acid  liquid  is  diluted,  neatraliied  with  challi,  and  tl 
filtered  liquid  mixed  with  acetate  of  lead.     The  insoluble  aaccharata  of  li 
is  washed,   and  decomposed  by  sulphuretted  hydrogen.      The'  aoid  slon 
jrystalliies  froDi  a  solution  of  eyriipy  eonaistonoe  in  long  colorlesB  net  " 
.(  haa  a  sour  taste,  and  forms  soluble  salts  with  lime  and  baryta, 
mixed  with  nitrate  of  silver,  it  ^vea  no  precipitate,  but,  on  tbe  addition, 
ammonia,  a  white  insoluble  isubstatice  separates,  which  is  redaoed,  b;  gl 
warming  the  whole,  to  mclallic  silver,  the  vosael  being  lined  with  a  sm.. 
and  brilliant  coating  of  the  metnl.     Nitric  acid  converts  the  saccbario  Isll 
oxalic  acid. 
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Xn.oiD:ii  and  pvRoxrtiN. — When  Btnroh  ia  mixed  wilh  nitric  eoid  of  apaoiBo 
gr&Titj  15,  it  ia  converted  nitbout  disengagemcDt  of  gna,  ioto  a  tirsiiapHrent, 
eotorleSB  jelly,  which,  whea  put  into  water,  yields  a  white,  curdy,  iDBoluble 
■ubstance :  this  is  the  new  body  xyloidin.  When  dry,  it  ie  while  and  laBtcloBa, 
insolnble  even  in  boilmg  water,  but  freely  diasolved  bj  dilute  nitric  acid,  and 
the  aolutjon  yields  oxi^o  acid  wheo  boiled.  Other  EUbstaDoes  bcIongiDg  to 
tbe  same  elasa  also  yield  lyloidin;  paper  dipped  into  the  etrongest  nitric 
acid,  quickly  plun^ted  into  water,  and  afterwards  dried,  becomes  in  great  part 
EO  ebanged :  it  aasamea  the  appearance  of  parchment,  and  acquires  an  extra- 
ordinary degree  of  combustibility. 

If  pure  finely-divided  ligneous  matter,  qb  cotton-wool,  be  steeped  for  a  few 

■cid,  sqoeeied,  thoroughly  woaheil  nod  dried  bj  very  gentle  beat,  it  will  bo 
found  ta  have  inereaaed  in  weight  about  TO  per  cent.,  and  to  have  becoiae  in 
tha  highest  degree  oxplosive,  taking  £re  at  a  temperature  not  much  abore 
800°(148°'BC),  and  burning  without  smoke  or  residue.  This  is/isroiyiin,  the 
gtut-coUon  of  Professor  8choeabein.  Two  nodifieationa  of  pyroxylin  are 
knoini ;  the  one  is  inaolable  in  a  miitnre  of  ether  and  alcohol,  whilst  the 
other  is  readily  dissolved.  To  a  solution  of  this  description  the  name  coUo- 
fiofl  baa  been  given;  it  ia  largely  a scd  in  photography  and  occasionally  in 
mrgery. 

Both  xyloidin  and  pyroxylin  oppeor  to  be  anhEtilulion-componiids,  in  which 
the  elements  of  hyponitric  acid  replace  respectively  1.  2,  or  3  equivalents  of 
hydrogen  in  starch  and  lignin.  The  analytical  resalta  are  not  very  uniform, 
bit  the  foiTBulas  which  best  agree  with  them  are,  jyloidin  CuH^NO,.  ^ 
C|JH_NO()0,„andprroiyIinC^HsN»0,B  =  C«[H„[NO,)JO„KndC|iH,SjO„ 
=  Cu[H,.(NUj)3]0,, 

An  analoguuE  compound  is  produced  by  the  action  of  nitric  acid  upon 
nannita  (ride  p,  356).  This  substance  may  be  crystallized  from  spirit,  and 
eontains  C,H,N,0,g:  itmay  be  viewed  as  mnnnite,  in  which  three  equivalenta 
of  hydrogen  aro  replaced  by  hyponitric  acid. 

Wocic  Aoin,  C,,H,0„,2H0.  — Sugar  of  milk  and  gum,  heated  with  nibio 
■aid,  somewhat  diluted,  furaisb,  in  addition  to  a  small  quantity  of  oxalic  acid, 
ft  white  and  nearly  insoluble  substaucs  called  mucic  acid.  It  may  he  easily 
prepared  by  heating  together  in  a  Qask  or  retort  1  part  of  milk-sngar,  or 
gam,  4  parts  of  nitric  acid,  and  1  of  water  ;  the  macio  aoid  Is  afterwards  cd- 
iMted  upon  a  filter,  washed  and  dried.  It  has  a  slightly-sour  taste,  reddens 
tegetabla  colors,  and  forms  salts  with  bases.  It  requirea  for  solution  66  parts 
of  boiling  water.  Oil  of  vitriol  dissoives  it  with  prodoction  of  a  red  oulor. 
tiooio  aoid  ia  decomposed  by  heat,  yielding,  among  other  products,  a  volatile 
kcid,  the  pyruKucic,  which  is  soluble  in  water,  and  cryatalUzea  in  a  form  rc- 
Mmbling  that  of  benioic  acid.  Pyromuoio  acid  is  monobasic ;  il  conlaina 
^HjO^HO. 

BuBBUic  ACID,  C„H|,0,,2H0,  is  formed  by  the  action  of  nitrio  aeid  on  the 
peculiar  lign eons  matter  of  cork,  and  also  on  certain  fatty  bodies;  it  mncb 
resembles  mucic  acid,  but  is  more  soluble  in  water.  It  ia  a  bibasic  aoid. 
See  further  on,  the  section  on  Oils  and  Fata. 

Tbe  following  bodies  are  closely  allied  in  composition  to  oialic  acid  :  — 

1UEU.IT10  AOID,  C,OuHO.— This  substance  occurs  in  combination  with  aln- 
Biilia,  in  a  very  rare  mineral  called  mtlliie  or  Aotwy-jione,  found  in  deposits  of 
l^nUt.  It  is  soluble  in  water  and  alcohol,  and  is  crystal lizable,  forming  color- 
MSB  needlea.  It  combines  with  bases  :  the  metlitalea  of  Iho  alkalies  are  solu- 
ble and  crys  tall  liable ;  those  of  the  earths  and  metals  proper  are  mostly 
inaolnble. 

Mellitate  of  ammonia  yields  by  dislillaOon  two  curious  compounds,  para- 
wde  and  eucliToniB  add.  The  former  is  a  white,  amorphous,  insoluble  sub- 
■tkuee,  containing  C,11H0„  [i.  i.,  bimollitate  of  ammonia  — 4  eq.  of  water). 
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•od  (uuiTeTtible  b;  boiling  Willi  waler  into  biniellitnte  or  nmmoni* 
Utter  farms  colorless,  spkringlj-solnble  crjxnle.  contNining  in  tlie  aubjdroiit 
M>M  C|tN0,.2II0.     In  oontict  with  melnllic  line  and  deojidjxing  ageota  in 
general,  euchronic  acid  jields  ■  deep-bine  inaolnble  xubetaiioe  called  n  ' 
Rbudikosio  and  cbocohic  acid«.  —  Wben  poliBEium  is  bented  in  a 
drj  carbonic  oiide  ga«,  tbe  Uttpr  is  absorbed  in  large  qnniitit;,  ai  i| 
Mack  porous  BubEtance  generated,  trbieh,  when  pnt  into  naler,  eiuliet  if 
~     imable  gaa.  and  prodocee  a  deep-red  Bolution  coataining  the  potasea-u 
peouliBT  acid,  tbe  rhoditonic:  by  addiog  ^cohol  lo  the  liquid,  tlie  riiod 
._.  ite  of  pataraa  is  precipitated.     This  and  the  lend-salt  are  Ihe  onlj  t1 
Munpoundi  nbjch  have  been  full;  examined ;  ibe  acid  iteelf  cannot  ba  ia 
kted.    RhodiioDBM  of  polaiea  ia  cumpoeed  of  C,O^3K0  ;  hence  llie  acid  ooi ' 
^ipear  to  be  tribasio. 

When  solution  of  rhodixonale  of  potaesa  ia  boiled,  it  beeomee  orange-Tell 
from  decomposition  of  the  acid,  and  is  then  Tuiind  to  contain  nialate  at  potiH 
free  polasBa,  and  a  salt  of  an  ncid  to  which  the  term  eneonic  is  applied.  71 
•cid  can  be  isolated ;  it  is  yellow,  ensilj  crjstallizable,  and  sohtble  both 
«ater  and  alcohol.     Cryetalliicd  croconio  acid  contaioa  Cf04,H0. 


The  term  fermentation  ia  applied  in  cbemtalrj  to  a  peculiar  metamorphail 
of  a  complex  organic  aubslauce,  by  a  transposition  of  its  elements  ander  4 
agenc;  of  an  eitemal  disturbing  force,  different  from  ordinary  ohei^ 
attraction,  and  more  reiiembling  Ihore  obEcnre  phenomena  of  contaol  ftlnii 
noticed,  tc  which  the  eiprcssion  kalalgiit  is  sometimes  applied.      Th 

nation  which  Liebig  has  suggested  of  the  cause  and  nature  of  the  fe 

live  change  is  a  lerf  hHpp;  one,  altbongb  uf  necessity  only  bjpothetieal. 
bfts  long  been  known  tbnl  one  of  (he  most  indispensable  condition!  of  ti 
'  process  is  the  presence  in  Ibc  fermenting  liquid  of  certain  niotized  nbalHlt 
called /mjimd,  whose  decomposition  proceeds  simultaneouslj  with  tbat  Of  i 
bod;  undergoing  metamorphosiB.  The;  all  belon(E  to  the  class  of  aibondM 
principles,  bodies  which  in  a  moist  condition  putrefy  and  decompose  spoilN 
ODsly.  It  is  imagined  that  when  these  subslances,  In  Ihe  net  of  UBderol 
ebange,  are  brought  into  contoct  with  nentrul  ternary  cnnipr<itnds  of  dl 
Stability,  as  sugar,  the  molecular  disturbance  of  tbe  body,  ii!ie>iily  in  art 
of  decomposition,  may  be,  as  it  were,  propagated  to  the  other,  and  bi 
about  deatmction  of  the  eiiuilibriom  of  forces  to  which  it  owes  ita  b4 
Tbe  complex  body,  under  these  cironmstances,  breaks  op  into  simplerg 
duets,  wbioh  possess  gresler  permanence.  Whaterer  may  be  theultimatel 
of  this  ingenious  bypotbesis.  il  is  certain  that  decomposing  aiotiied  bodies] 
only  do  possess  Tery  energetic  and  extraordinnry  powers  of  exciting  femtnt 
■ion,  but  that  the  hud  of  fermentation  set  up  is.  in  a  great  degree,  depend 
on  the  phase  or  stage  of  decomposition  of  the  ferment. 

Alcobol;  tihods  febukntation. — A  solution  of  pure  sugar,  in  an  open 
close  tebsel.  may  be  preserved  unaltered  for  any  length  of  time;  but,  i(] 
tr^Bcible  aiotiied  matters  be  present,  in  the  proper  state  of  decay,  the  mj 
is  converted  into  alcohol,  with  escape  of  carbonic  ncid.  Putrid  blood,  »1 
of  egg.  or  flour-paste,  will  effect  this.  By  far  Ihe  most  potent  oledioliol 
ment  is,  howeTer,  (o  be  found  in  tbe  insoluble,  yellowish,  yiacid  maltnrda 
ailed  from  beer  in  the  net  of  fermentation,  called  geail.     If  tbe 


solved  in  a  large  quantity  of  water,  a  due  proportion  of  active  yeast  M 
and  the  whole  maintained  atTi  temperature  of  70°  (2I''-1C)  or  80"  f2^'4i 
the  change  will  go  on  with  grpat  rapidity.     The  gaa  disengaged  will  6*  fc 


o  be  nearly  pure  carbonic  acid ;  it  is  easily  collected  and  examined,  u 
fermentation,  once  commenced,  proceeds  perfectly  well  in  a  cloi^e  vessel,  l 
ikige  bottle  or  flask,  fitted  with  a  cork  and  condnc ting-tube.     When  the  *Bii 
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fuscenoe  is  ftt  an  end,  and  the  liquid  bas  beoome  clenr,  it  will  field  aloohnl  bj 
diEtiUation.  Sucb  is  the  origin  of  this  importnnt  compound;  it  ia  a  prodact 
or  the  metamorphosis  of  Hugnr,  uniier  tiio  iafluenoe  of  s  fernienl. 

the  composition  of  alcohol  is  expressed  by  the  formula  CjifgOj  ;  it  is  pro- 
dvewl  by  the  breaking  up  of  an  equivateat  of  grape-sagar,  Cg|H^O]j.  lnt«  4 

Xof  alcohol.  8  of  carbonic  acid,  and  i  of  water.  It  ia  grape-sugar  alone 
oh  jielda  alcohol,  the  ferment  in  tbe  ezperimeat  above  related  first  oon- 
Terlmg  the  cune-augar  into  that  Bubetanoe.  Milk-augar  ma;  EomeluneB  appft- 
reotly  bo  made  to  ferment ;  but  a  change  into  grape-sugar  always  reall;  pre- 
cedes  the  production  of  alcohol. 

The  spirit  first  obtained  by  distilling  a  fermentod  saccharice  liqnid  is  Tery 
weak,  being  diluted  with  a.  Urge  quantitj  of  water.  By  a  second  diatillstioti, 
hi  which  the  first  partioas  of  the  distilled  liquid  are  collected  apart,  it  may  bs 
greatly  strengthened:  the  whole  of  the  water  cannot,  howeier  be  thus  re- 
iDOTad.  The  strongest  rectified  spirit  of  wine  of  commerce  has  a  density  of 
kbont  0'835,  and  yet  oontains  13  or  11  per  cent  of  water.  Pure  or  abtolutt 
aleohol  may  be  obtained  from  this  by  redistilling  it  with  half  its  weight  of 
fresh  quicklime.  The  lime  ia  reduced  to  coarse  powder,  and  put  into  a  retort; 
the  alaahol  is  added,  and  the  whole  mixed  by  agitation.  The  neck  of  the 
retort  ia  securely  stopped  with  a  cork,  and  the  mixture  left  fur  scleral  days. 
The  alcohol  is  distilled  oS  by  the  heat  of  a  water-bath. 

Pure  alcohol  ia  a  colorless,  limpid  Uqnid,  of  pnngent  and  agreeable  taste  and 
edor;  its  specific  grayity  at  60°  (15°6C)  is  0-7938,  and  that  of  its  vapor  1-618. 
It  ia  very  in^ammable,  burning  viith  a  pale-bluish  flame,  free  from  smoke:  it 
has  UBTer  ijeen  frnien.  Alcohol  boils  at  173°  (78''4C1  when  in  the  anhydf^UB 
Mndition;  iu  a  diluted  stale,  the  boiling-point  is  higher,  being  progressiTely 
nised  by  oach  ndditioo  of  water.  In  the  act  of  dilution  a  contraction  c^ 
Tolumo  occurs,  and  the  temperatare  of  the  mixture  rises  many  degrees;  this 
takes  place  not  only  with  pure  alcohol,  but  with  rectified  spirit.  It  is  misdble 
with  water  in  all  proportions,  and,  indeed,  has  b  great  attraction  for  the  latter, 
absorbing  its  vapor  from  the  air,  and  abstractiug  the  moiatnre  froni  mem- 
branes and  other  similar  substances  immersed  in  it.  The  solvent  powers  of 
ileohol  are  vciy  oitcnaivu;  it  dissolves  a  great  number  of  saline  compounds, 
and  likewise  a  considerable  proportion  of  potassa.  With  many  of  these  sab' 
aloiices  it  forms  dcRnite  compounds.  The  substance  which  is  produced  by 
potasaa  contains  C^E.fi,K.0 ;  it  may  be  likewise  formed  by  acting  with  potat- 
riam  upon  anhydrous  alcohol,  when  hydrogen  is  evolved.  Alcohol  dissolves, 
moreover,  many  organic  substauces,  as  the  vegeto-alkalies,  resins,  essentia 
oiiB,  and  various  other  bodies;  hence  its  great  use  in  chemical  investigatioiis 
■od  in  several  of  tbe  arts. 

The  strength  of  commorcial  spirit  is  iofcrred  t^m  its  density,  when  free 
from  sugar  and  other  aubstaaoes  added  sabaequent  to  distJUation  ;  a  table  ex- 
hibiting the  proportions  of  real  alcohol  and  water  in  spirits  of  different  den- 
■ities  will  he  found  at  the  end  of  tbe  volume.  The  excise  proof  ipiHl  has  a  sp. 
gr.  of  0  9198  at  60°  ab°-5C),  and  contains  49^  percent,  by  weight  of  real 
alcohol.  Methylated  Spirit  is  a  mixture  of  90  per  cent,  of  Spirits  and  10  per 
cmt.  of  wood  spirit.     (See  Wood  Spirit.)' 
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toiiciiting  properties  to  the  algobol  lbe7  en 
quantitjr  of  which  rikries  very  mach.  Port  and  Kherry,  and  mmt 
•nn  wineB,  eoDliiin,  aocording  to  Mr,  Brsnde.  from  19  to  25  p«r  c(  ' 
ef  nleoLol,  while  in  the  lighter  wines  of  France  nod  GeraiHOy  it  iomeliineB  fi 
iw  IN  12  per  cent.  Strong  ale  coutains  sboat  10  per  cent ;  ordinary  af 
Tits,  as  brandy,  gin,  whisky,  40  to  60  per  cent.,  or  occBaionally  more.  Th 
latlDr  owe  their  chnraoterietie  SsTors  to  certain  eaaenlial  oils,  preeent  in  i 
■mail  qunntity.  either  ^norBted  in  the  act  of  fermentation  or  purpose^  adii 
In  mailing  wine,  the  eipreased  juice  of  the  grape  is  simply  set  aside  in  ■■ 
*ata.  where  it  nndorgoee  sponlaneoa^ly  the  Decea!ary  change.  The  vegeli 
albomln  of  the  Juice  absorbs  oxygen  from  the  air,  runs  into  deeompoiilia 
and  in  that  state  becomes  a  ferment  to  the  sagar,  which  is  gradually  « 
verted  into  alcohol.  If  the  sugar  be  in  excess,  and  the  aiotized  matlor  d( 
cieni,  the  resulting  wine  remains  sweet ;  but  if,  on  the  other  hand,  the  pi 
portion  of  sugar  be  small,  and  that  of  albumin  large,,  a  ~  _ 
When  tlie  fermenlalion  stops,  and  the  liqnor  becomes  clear,  it  is  drami  I 
tram  the  lees,  and  transferred  to  cafiks,  to  ripen  and  improve. 

The  color  of  red  wine  is  derived  from  the  skins  of  the  grapes,  which  in  i 
oases  are  left  in  the  fermenting  liquid.  ECTerTescent  wines,  as  ohampaj 
ve  bottled  hefore  the  fermentation  is  complete ;  the  carboDic  acid  is  di 
gaged  under  pressure,  and  retained  in  solution  in  the  liquid.  A  eertun  qi 
tilj  of  sugar  is  frequently  added.  The  prooesa  requires  much  delicate  ■ 
nagemenl. 

During  the  fermentation  of  the  gT»pe-Juice,  or  n>ui(,  a  crystalline,  st 
matter,  called  argol,  is  deposited.  This  consists  ohiefiy  of  acid  tartnite- 
putaEsn,  with  a  little  tartrate  of  lime  and  coloring  matter,  and  i 
nit  the  tartaric  acid  met  with  in  commerce.  The  salt  in  question  exists  iBl 
Juice  in  considerable  quantity;  it  is  but  sparingly  soluble  in  water,  but  1 
less  so  in  dilute  alcohol ;  hence,  as  the  fermentation  proceeds,  nnd  th*  qi 
tity  of  spirit  increases,  it  is  slowly  deposited.  The  acid  of  the  juice  II  I 
removed  as  the  sugar  disappenrB.  It  is  this  cironmstanee  which  ran 
grape- juiee  alone  lil  for  mnking  good  wine;  when  that  of  nooseberries  Ore 

s  is  employed  as  a  substitute,  (he  malic  and  citrio  acids  which  these  fr 

oin  cannot  be  thus  withdrawn.     There  is,  then,  no  other  resource  tail 

I   ftdd  sugar  in  snflicient  qnst^tity  to  mask  and  conooal  the  iiiitQrnl  acidity  sf  1 

liquor.     Such  wines  are  necessarily  asoesoent,  prone  io  a  aecond  fermeotatt 

ftod,  to  many  persons  at  least,  Tery  unwholesome. 

SitT  is  a  well-known  liquor,  of  great  antiquity,  prepared  from  germintt 
grain,  generally  barley,  and  is  used  in  countries  where  the  vino  does  not  f 
rish.  The  operation  of  malting  is  performed  by  steeping  the  barley  in  wi 
until  the  grains  become  swollen  nnd  soft,  then  piling  it  in  a  heap  or  endi, 
favor  the  elevation  of  temperature  paused  by  the  absorption  of  oxygen  fU 
the  air,  and  afterwards  spreading  it  upon  a  floor,  and  turning  it  overfil 
time  to  lltne,  to  prevent  unequal  heating.  When  germination  has  proceed 
fiir  enough,  the  vitality  of  tho  seed  is  destroyed  hy  kilo-drying.  I>nring  * 
process,  the  carious  substance  already  relbrred  to,  diastase,  is  produoed.  t 
a  portion  of  the  starch  of  the  grain  converted  into  sugar,  and  rendered  solo*' 
In  browing,  the  orushed  malt  is  infused  in  water  at  about  170"  (76"'f 
In  till  iiTti  hr  nhlch  iplrllf  ara  diuhIIj  eniplOTed.    Metfajrlatid  npltit  miy  lie  nnd,  hula 

ba  oiBl  Ibr  till-  pruKcUon  of  mimtDBtlng  mmnry,  of  (tier,  of  oblorefonn,  loa^ni,  oW 
: .•  _i,  i._  J,riTiiilT«— In  fed.  Ibr  in  endlew  oumb-r  of  latmmtory  parpoew.    HMVU 

_  tlilB  Bptrit  h4B  alinaj  Hxerted  a  Terj  bflnpfldal  e^«t  upon  Uie 

P  ■Wganlo  cbenil»trj-  in  ilrut  Briuln. 

(  Sm  Bsport  on  tbe  »opp>j  of  SpirlW  of  Wine,  tnre  Cram  ilutji,  tbr  an,  In  tba  i 
^^flkobaraa,  adilreBflnl  to  the  ChHlrmnn  of  Inland  K#*4>duo.  by  pTofifwira  Orohuo, 
"'^•dawKl.    QuuuuIt  Journal  of  Cbemtal  Societ;,  tol,  tUI.  f.  130. 
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knj  tbe  mixture  left  to  atand  during  Che  spaee  of  two  hours  oi  mare.  Tha 
■OBily  soluble  diiistivse  bns  thu9  na  opportunit;  of  actiag  upon  tlie  unallereS 
stftTch  or  the  grain,  aud  changiog  H  inlo  dexlriu  and  suguc.  The  clear  liquor, 
ot  iBorl,  strained  from  tbe  eihausted  malt,  is  next  pumped  up  into  a  copper 
boiler,  and  boiled  with  the  requisite  qunntit;  of  bopa,  for  ooiiimuniCBling  a 
ptMsaiit  bitter  flavor,  and  conferring  on  the  beer  the  property  of  keeping  witii- 
out  injury.  Tbe  flowers  of  the  hap  contniu  a  bitter,  resinous  principle,  called 
lupuUn,  and  an  ei!Hential  oil,  both  of  wbicli  are  uaefnl. 

When  the  wort  baa  been  aufficianlly  boiled,  it  ia  drawn  from  tbe  copper, 
■nd  coaled,  aa  rapidly  as  possible,  to  near  the  ordinary  temperature  of  the 
air,  ID  order  to  aioid  an  irregular  acid  fermeDlation,  to  which  it  would  other- 
wiae  be  liable.  It  is  Chea  transferred  to  the  ferueuting  le^eela,  which  in  large 
breweries  are  of  great  capacity,  and  mixed  with  a  quantity  of  yeast,  the  pro- 
dnct  of  a  preceding  operation,  by  which  the  change  is  speedily  induced.  Tliia 
is  tbe  moat  critical  part  of  the  whole  operatioB,  and  one  iu  which  the  aicill  and 
judgment  of  the  brewer  are  moat  called  into  play.  The  prooesa  ia  in  some 
measure  under  control  by  attention  to  tbe  temperature  of  the  liquid;  and  the 
extent  to  which  the  change  has  been  carried  ia  easily  known  by  the  diminished 
denuty,  or  atlcnualion,  of  tbe  wort.  The  fermeutatian  ia  ncTer  suffered  to 
run  its  full  courae,  bat  ia  always  stopped  at  a  particular  point,  by  sepHraling 
the  yeast,  and  drawing  ofl'  the  heer  into  casta.  A  slow  and  almaat  iaseuaible 
formentation  succeeds,  whioli  in  time  renders  the  beer  sti'anger  and  less  sweet 
than  when  nev,  and  charges  it  witli  carbonic  acid. 

Highly-colored  beer  is  made  by  adding  to  the  malt  a  amall  <jaaatity  of 
Btrangly-dried  or  charred  lualt,  (he  sugar  of  which  baa  been  ehangud  to  oara- 
mel !  porter  and  ataut  are  So  prepared. 

The  yeast  of  beer  is  a  Tery  remarkable  sabstance,  and  has  excited  maoh 
kttenCion.  To  the  naked  eye  it  ia  a  grayish-yeUow  soft  solid,  nearly  insolublr 
ID  water,  and  dries  up  to  a  pale-brownish  masa,  which  readily  putrefiea  when 
moistened,  and  becomes  oBensiTO.  Under  the  microscope  it  exhibits  a  kind 
of  arganiied  appearance,  being  mode  np  of  little  transparent  globules,  which 
Bometimes  cohere  in  clustcra  or  strings,  like  some  of  tlie  lowest  members  of 
the  vegetable  kingdom.  Whatercr  may  be  tbe  real  nature  of  tbe  substance, 
no  doubt  can  exist  that  it  ia  formed  from  the  soluble  aioti»ed  portion  of  the 
grain  during  tbe  fermentatiie  process.  No  yeaat  la  ever  produced  in  liquids 
free  from  azotiied  matter;  that  added  for  the  pnrpoae  of  eiciliog  fermenta- 
tian  in  pare  sugar  is  destroyed,  and  rendered  inert  thereby.  When  yeaat  ia 
dvprived,  by  straining  and  strong  pressure,  of  as  much  water  as  possible,  it 
nuty  be  kept  in  a  oool  place,  with  unaltered  properties,  for  a  long  time ;  other- 
wise it  speedily  spoils. 

The  distiilor,  who  prepares  spirits  from  grain,  makes  his  wort,  or  waah, 
emeh  in  the  same  manner  as  the  brewer;  he  uaea,  however,  with  the  malt  a 
large  quantity  of  raw  grain,  the  sCaroh  of  wbicli  suffers  conversion  into  sugar 
bj*  the  diastase  of  the  malt,  which  is  suScient  for  hia  purpose.  He  does  nat 
boil  hia  infuaion  with  bops,  but  proceeda  at  once  to  tbe  fermentation,  which 
be  pushes  oe  far  as  possible  by  large  and  repeated  doses  of  yeaat.  Alcohol 
is  manufactured  in  many  cases  from  potatoes :  tbe  potatoes  are  ground  to 
pulp,  mixed  with  bat  water,  and  a  little  malt,  to  famiah  diastase,  made  to 
ferment,  and  tlien  the  fluid  portion  distilled.  Tbe  potato-spirit  ia  eontami 
Bated  by  a  very  oS'enBive  volatile  oil,  again  to  be  mentioned;  the  crude  pro- 
dnct  tram  corn  contains  a  substance  of  a  similar  kind.  The  business  of  tbe 
Teetifier  consista  in  removing  or  modifying  these  volatile  oils,  and  in  replacing 
tbem  by  others  of  a  more  agreeable  character. 

Id  making  bread,  the  vinous  fermentation  plays  an  important  port;  the 
yeast  added  Co  the  duitgh  converts  tbe  small  portion  of  sugar  the  meal 
DBtnrally  conlflias  into  alcohol  and  carbonic  acid.  The  gns  thus  disengaged 
fonwi  llie  tough  and  odbedve  materials  into  bubbles,  which  are  still  furthai 
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•ipkodgd  by  the  beat  of  tbe  oien,  nhioh.  at  the  isme  time  jis^pates  Oie 
fcol ;  beoce  cbe  light  and  epoag;  texture  of  all  good  bread.  SometiiDeB  ow- 
bonals  of  ammouia  is  emplojeil  with  the  same  vi«<r,  being  complelely  Tolit 
■led  by  the  bigh  tempcrnnire  of  the  OTen.  Bread  is  cow  sometimoB  mi 
by  miiiog  a  Ultle  hydrooldoriQ  aoid  SDd  carbooate  of  <oda  in  the  dough; 
proper  proportioDa  be  taken,  and  the  whole  thorougbt;  ciiied,  the  operatl 
appears  to  be  eery  aucceBsfUl.  The  use  of  frai>m  is  one  of  great  autiqiu^ 
Uiis  is  merely  dougb  in  a  stale  of  inoipieot  putrefactioD.  Wben  mixed  ilU| 
K  large  qaaotity  of  fresh  dough,  it  eioites  in  the  latter  tbe  alcoholic  fenuM 
tadon,  in  tbe  same  manuer  as  yeast,  but  less  perfectly ;  it  is  apt  to  oommoa 
oate  a  disagreeable  eour  taste  and  odor. 

Aioliied  albuminoua  subataiioes,  nbicb  \a  an  adTanced 
ehange  act  as  alcobol-ferments,  often  possess,  at  certain  periods  of  decay, 
property  of  induoing  an  acid  fenoentation  iu  sugar,  tbe  coDsequBCCo  at  wfai 
u  tbe  coDTeruoD  of  that  substance  into  lactie  acid.  Thus,  the  OEOtiied  mall 
of  malt,  wben  soffored  to  putrefy  iu  water  for  a  few  days,  aoquirea  the  pn 
of  acidifyLog  the  sugar  which  acoompauies  it,  while  in  a  more  adTaaoed  tB 
of  decompositiDu  it  converts,  under  similar  circomstauces,  the  sugar  il 
■Icohul,  The  glutin  of  grain  behaves  in  the  same  manner ;  wheat  flour,  ml 
iuto  a  paste  with  water,  and  left  four  or  fire  days  in  a  warm  siluation,  beetM 
a  true  lactio  aoid  ferment:  if  left  a  day  or  two  longer,  it  ohonges  its  charast 
and  then  acts  like  common  yeast.  Moist  animal  membranes,  in  a  slight 
decaying  condition,  often  act  energetically  in  developing  lactic  acid. 

Cana-BUgar,  probably  by  previously  becoming  grape-sugar,  and  Oa  BD) 
of  milk,  both  yield  lactic  acid,  the  latter,  howeier,  most  readily,  the  gft^ 
sugar  haYiDg  a  strong  tendency  towards  the  alcoholic  change.  A  p 
method  of  preparing  Inutio  acid  is  the  following.  An  additional  quantity' 
milk-sugar  is  dissolved  iu  ordinary  milk,  which  is  then  set  aside  ia  a  ws 
place,  nntil  it  becomes  sour  aud  coagulated.  The  casein  of  the  milk  abwn 
ozygeu  from  tite  air,  runs  into  putrefaction,  and  acidifies  a  portion  of  I 
sugar.  The  lactic  acid  formed,  after  a  time  coagulates  and  renders  iDsolol 
Uie  caaein,  and  the  productjon  of  that  acid  ceases.  By  carefully  neutraliita 
however,  the  free  acid  by  carbonate  of  soda,  tbe  oofoin  becomes  soluhle,  a 
resuming  its  activity,  changes  a  fresh  quantity  of  sugar  into  lactic  acid,wU 
may  be  also  neutralized,  and  by  a  sufficient  number  of  repetitioni  of  ti 
process  all  the  sugar  of  milk  present  may,  in  time,  be  acidified.  When  ti 
has  taken  place,  Uie  liquid  is  boiled,  filtered,  aud  evaporated  to  drjnenil 
water-bath.  The  residue  is  treated  with  hot  alcohol,  which  dissolves  outl 
lactate  of  soda.  Tbe  ulcohoHc  .solution  may  then  be  decomposed  by  the  oaBlk 
addition  of  snlphurio  acid,  which  precipitates  sulphate  of  soda,  insolnbls 
ipirit.  The  free  acid  may,  if  needful,  be  nentralized  with  limo,  and  the  i 
suiting  salt  purified  by  reorystalliiation  and  the  use  of  aiiimal  cbarcoal,  iM 
which  it  may  be  decomposed  by  oialio  acid. 

Tbe  following  process  will  be  found  more  economical  on  a  large  seide: 
miitnre  is  made  of  two  galloue  of  milk,  which  tuny  be  stale  or  akimmed  mill 
six  ponnds  of  raw  sugar,  twelve  pints  of  water,  eight  ounces  of  putrid  ahM 
and  four  pounds  of  chalk,  which  should  be  mixed  up  to  a  creamy  ooD^twl 
with  Borne  of  the  liquid.  This  miiture  is  exposed  in  a  loosely-covered  jal ' 
a  temperature  of  about  86°  <8D°C1.  with  occasional  stirring.  At  the  end  ' 
two  or  throe  weeks  it  will  he  fouua  tonverled  into  a  serai-solid 
of  time,  which  may  be  drained,  pressed,  and  purified  by  re 

The  lactate  of  lime  may  he  decomposed  by  the  necessary  quantity  of  p 
oxalic  aoid,  tbe  filtered  liquor  neutralized  with  carbonate  of  line,  and,  ■ 
d  Gltnttioii,  evaporated  notil  the  lino-ealt  orystaliizes  out  on  etat 
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The  Intter  nmy,  Irtstl;.  be  re-dissolved  in  miter,  and  deeomposed  by  Enlphn- 
retWd  hydrogen,  in  order  to  obtBTQ  the  free  iictid. 

If  in  tbe  first  ptirt  of  tUe  process  tlie  eoUd  liictato  of  lime  be  not  removed 
at  the  proper  period  frcm  tbe  fermenting  liciuid,  it  nill  gradunlly  le-di^snlTo 
•nd  dUappenr.  On  examinaition  the  liquid  will  then  be  found  to  iioaaiat 
ohieflj  of  a,  solution  of  btitj/Tatt  of  limt. 

This  second  stnge  of  the  process,  to  which  the  nnme  of  butyric  add  firmtn- 
talion  has  been  given,  is  attended  with  au  evolution  of  hydrogen  and  oarbonio 
acid.     It  will  be  mentioned  mere  in  dotnll  under  the  head  of  butyric  acid. 

Lactic  aoid  may  be  extracted  from  a  great  varietj  of  liquids  containing  de-' 
composing  organic  matter,  as  lautrkraat,  a  preparation  of  white  eublmge  ;  the 
sour  liqnor  of  tbe  atarch -maker,  ka.  It  has  been  supposed  to  exist  in  the 
blood,  urine,  and  other  animal  fluids.  Most  oarefal  researches  have,  however, 
&ii(td  to  detect  it  in  either  blood  or  urine,  although  it  has  been  shown  by  Lie- 
big  to  exist  in  ooDsiderable  quantity  in  the  juice  of  flesh  or  muscle. 

Idiotic  acid  has  been  produced  artificially  in  a  most  remarkahte  manner  by 
tha  action  of  nitrons  acid  upon  alanine.  (See  the  Section  on  Organic  Bases.) 
QniU  recently  it  has  been  produced  by  the  oxidation  of  propyl -glycol.  (See 
forther  on.) 

Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of  the  nir-pamp. 
over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a  colorless,  syrupy  liquid, 
of  ap.  gr.  1  '215.  It  has  an  intensely-sour  taste  and  acid  reaction  ;  it  is  by 
groscopio,  and  very  soluble  in  water,  alcohol,  and  ether.  It  forms  soluble 
ealls  with  nil  the  metallic  oxides.  The  syrupy  acid  oontains  C(HjO,-|- HO, 
the  water  being  basic,  and  susceptible  of  replacement  hy  a  melalllo  oiide. 

When  byrupy  lactic  acid  is  healed  in  a  retort  to  266"  (13U°C),  water  ood- 
tkining  a  little  lactic  acid  distils  over,  and  the  residue  on  cooling  forma  a  yel- 
lowish solid  fusible  mass,  very  bitter,  and  nearly  insolnhle  in  water.  This  is 
inliydrDna  lactJO  acid,  C«H,Oj.  Long-continued  boiling  with  water  converts 
it  into  ordinary  laodo  acid.  When  Ibis  substance  is  furtber  heated  it  decom- 
pose*, yielding  numerous  products.  One  of  these  is  lac/ide,  formerly  errone- 
oaely  called  anbydrooe  lactic  acid,  a,  volatile  substance,  crystallizing  in  brilliant 
eotorlcBB  rhombic  plates,  nhich,  when  put  into  water,  slowly  dissolve,  with 
prodaction  of  common  lactic  acid.  Lactide  contaiuH  C,H,0.;  it  combines 
with  ajnmonia,  forming  laetamidt,  C,H,NO^.  a  colorless,  crystalliiable,  soluble 
■DbBtaDce,  resembling  in  its  chemical  relations  oxamiile.  Another  product 
of  tbe  action  of  heat  on  lactic  acid  is  lactone,  a  colorless  volatile  liquid,  boil- 
ing At  198°  {92'''2C).  Acetone  is  also  formed,  and  carbonic  oxide  and  carbo- 
Bic  aoid  are  disengaged. 

A  salt  of  lactic  acid,  gently  heated  with  five  or  six  parts  of  oil  of  vitriol, 
jields  an  enormous  quantity  of  perfectly  pure  carbonic  oxide  gas. 

The  most  important  and  characteristic  of  the  lactates  are  those  of  lime  and 
the  oxide  of  liuo. 

LAaT*TB  OF  LiMS,  GaO,  C)?|0|-|-5H0,  exists  ready-formed,  to  a  small 
extent,  in  Nia  vrmica.  When  pure,  it  crystallizes  in  tufts  of  minute  while 
aeedles  grouped  in  concentric  layers.  It  dissolves  in  10  parts  of  cold,  and  in- 
defiuit«ly  in  boiling  water,  melting  in  its  water  of  crystaUiiation  at  that  tem- 

Lactatb  or  KiJio,  ZnCCgHsO,  -f-  3H0,  is  deposited  from  a  hot  solution  in 
am*.!!  brilliant  4-8ideil  prismatic  crystals,  which  require  for  solution  58  parts 
of  oold  and  6  of  boiling  water. 

Lactate  of  protosibb  or  ibon,  FoO,C,II,Oj-|-  3H0,  is  now  used  in  modi- 
Bine.  II  is  prepared  by  adding  alcohol  to  a  mixture  of  lactate  of  ammonia 
Bod  protocbloride  of  iron,  when  the  salt  is  precipitated  k  the  form  of  small 
f  ellowish  needles. 

When  the  expressed  juice  of  the  beet  is  exposed  to  a  temperature  of  90* 
(32°-9CJ  or  100°  (a7°'TC)  for  a  considerable  time,  the  sugar  it  contains  suffen    , 


k  peoulisp  kind  of  rerun- nlali on,  to  vhioli  the  term  viieoia  lias  heen  afipTitt^ 
Obsos  Hre  evnlTed  which  oontain  hyJrogoii,  and  -when  the  cbaage  appeut 
complete,  and  the  products  come  to  be  eiamined.  the  sugftr  is  found  to  bM~ 
disappeared.  Mere  traaea  of  alcohol  are  produced ;  hut,  in  place  of  Oat 
■abstaiice.  a  qnantit;  of  lactic  acid,  manoile.  Bud  a  macilnginoiu  subBtuM^ 
reBcmbiiDg  gum-arabic,  and  said  to  be  identical  Kith  gum  in  composition. 

Pure  sagar  cau  be  oonTerted  into  this  ?nbatanoe:  hj  boilinp  yeaat  or  iM 
glutin  or  wheat  in  water,  diBBolving  sugar  in  the  tiltered  solution,  and  eipaaiq| 
it  to  a  tolerably  high  temperature,  the  Tiscoua  fermentation  is  let  ap.  and  t 
targe  quantity  of  the  gummy  principle  generated.  A  little  gas  is  at  the  buM 
time  disengaged,  which  is  a  miiture  of  carhanio  acid  and  hydrogen. 


Etbsb;  oxidb  of  ethil.  —  When  equal  weights  of  reotified  spirit  md  ill 
of  Titriol  are  miicd  in  a  retort,  the  latter  connected  with  a  good  ooiuleodBC. 
BjTangHmcnt,  and  the  liquid  healed  to  ebullition,  a  oolorlesH  and  hl^y-T^ 
tile  liquid,  long  known  under  the  name  of  tthtr,  or  lulphuric  tlhtr,  ^MB^ 
over.  The  process  must  be  stopped  as  soon  aa  the  oontcnts  of  thert''^ 
blHcken  and  frcth,  otherwise  the  product  will  be  contaminated  with  o 
nbstDuoes.  which  then  make  their  appearanoe.  The  ether  obtained  IMT^ 
mixed  with  a  little  caustic  patasaa,  and  re-dialilled  by  a,  very  gentle  he*' 

Pure  ether  is  a  colorless,  tmusparenl,  fragrant  liquid.  ierj  thin  and  n 
Its  sp.  gr.  at  60=  (IB^-SC)  is  about  0'720;  it  boils  at  90"  (35''-6C)  tinder  i 
pressure  of  the  atmospbere,  and  bears  without  freezing  the  seTeretrt  W 
nbeu  dropped  on  the  hand  it  occasions  a  sharp  sensation  of  cold,  ttom 
rapid  volatilization.  Eiher  ia  very  combustible ;  it  hums  with  a  white  Bra 
generating  water  and  carbonic  acid.  Although  the  substance  itself  is  one 
the  lightest  of  liquids,  its  vapor  is  very  heavy,  having  a  density  of  2-EIM 
Uixed  with  oxygen  gas,  and  fired  by  the  electric  spark,  or  otlierwise,  it  efr 
plodes  with  the  utmost  violence.  Preserved  in  an  imperfeclly-stopped  vess^ 
ether  absorbs  oxygen,  and  becomee  acid  from  the  produotion  of  aoelio  sddt 
this  attraction  for  oxygen  is  increased  by  elevation  of  temperature.  It  is  d* 
aomposed  by  transmission  through  a  red-hot  tnbe  inlfl  olefiant  gas,  li^t  Cl" 
Etonelted  hydrogen,  and  a  aubatanoe  yet  to  be  described,  aldehydt. 

Ether  is  miacibia  with  alcohol  in  all  proportiona,  but  not  with  wat 
solves  to  a  small  extent  in  that  liquid,  10  parts  of  water  taking  up  1  part,  ot ' 
thereaboula,  of  ether,  it  may  be  separated  from  alcohol,  provided  Hh 
quantity  of  the  latter  be  not  excessive,  by  an  addition  of  water,  and  in  lUi 
manner  samples  of  oommeroial  ether  may  be  conveniently  eiamiaed.  EtW 
is  a  solvent  for  oily  and  fatty  subatancea  generally,  and  phosphorus  to  •  sml' 
extent,  a  few  saline  oompounda  and  some  organic  principles,  but  ita  powoni 
this  respect  are  much  more  limited  than  those  of  alcohol  or  water. 

Ether  was  the  Srat  of  a  great  number  of  analogons  eubstances  in 
property  of  producing  temporary  ineenaibility  to  pain  waa  rocognisad. 
■ur^cal  operatioDs,  the  use  of  ether  is  now  superseded  by  that  of  ohlonifi 

Ether  is  found  by  analystB  to  Contain  C^H^O ;  it  therefore  differs  from  •!■ 
hoi,  CjHgO^  b?  tlie  elements  of  water.  Alcohol  ia  often  regarded  as  IM 
hydrate  of  ether;  but  as  ether  cannot  be  made  to  combine  with  wnteri' 
and  aa  alcohol  cannot  be  convened  into  ether  by  the  abatraction  of  W 
the  aid  of  anbataiieea  known  to  poaaetiS  a  strong  nHJaity  for  th^t  body. 
View  was  always  looked  upon  as  hypothetical.  Kecent  eipcrimouM  have, 
^t,  ehown  that  a  very  different  relation  exists  between  aleobol  and 
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hall  return  to  those  regcarchea  when  we  consider  the  theory  of  the  pro-  1 

Ctp  of  ether,  wbtch  "ffill  be  liiacuseed  pnrtly  in  eoDnectioa  with  the  history 
llphoiioio  acid,  and  partly  vilh  that  of  the  metbyl-camponnda.  j 

MPOUBD  ETUBRB  ;   BTHTL-THEORY ;   ETHTL.— The  B0-C!ll1ed  COmpQUnd  ethorB  ! 

itute  a  very  Inrgo  and  important  ctsas  of  substances  derived  from  aloo- 
wd  containing  either  the  elemeata  of  ether,  in  Dombinatioa  with  those  of 
lygen-acid,  inorganic  or  organic,  or  tho  elements  of  olefiam  gas  in  nnfon 

those  of  a  hjdrogen-acid.  The  relations  of  these  camponDds  t«  alcohol 
the  Bcids  are  most  simply  and  clearly  illnstmted  by  comparing  them  with 
wry  salts,  in  wbich  the  metal  is  replaced  by  a  salt-boEyle,  Inrmed  tl/tsl, 
lining  C.H).      This  substance  forms  haloid-salta  by  combining  with  chlo- 

iodine,  bromine,  &a.,  and  its  oxide,  identical  or  isomeric  vrith  oommon 
f,  with  oiygen-ncids,  like  basic  metallic  oxides  in  general.  A  body  con- 
ag  oarbon  and  hydrogen  in  the  proportions  indicated  by  the  formnla 
,  has  been  ohlBined  by  Dr.  Prankiand^  from  one  of  the  members  of  this 
p  of  compounds,  and  described  ander  the  name  of  tlhj/l.  It  is  formed  by 
fling  drjr  iodide  of  ethyl,  in  sealed  tnbes,  for  seTcral  honrs,  to  the  action 
lely-diyided  metallic  lino,  at  a  tempernHirB  of  from  820°  (160=G)  to  338= 
-C). 
,  thia  reaction,  the  iodine  of  the  iodide  of  ethyl,  C(H,I.  combinea  nith  the 

and  ethyl  is  set  free.  On  opening  the  sealed  tubes,  and  allowing  the  gas, 
ih  IB  ethyl  mixed  with  several  secundary  products  (especially  defiant  gas), 
ua  into  a  freezing  mixture,  the  temperatnre  of  which  is  kept  below  -9° 
=C),  the  ethyl  condenses  to  a  colorless  mobile  liquid.  It  is  not  attacked 
ODoentrated  sulphuric  and  nitric  acids.  Chlorine  acts  upon  it  ander  the 
enoe  of  light  bitt  not  in  the  dark.  Hitherto  no  compoand  ether  has  been 
odaced  from  ethyl.  The  ethyUtheory,  proposed  by  Liebig  long  before  tbg 
ration  of  elhyl  itself,  will  be  found  very  useful  as  an  aid  to  the  memory ; 
DSt  not,  however,  be  forgotten  that  the  compound  ethers  are  diadnguished 
tnportanl  characters  from  real  and  undoubted  salts. 

^H  Table  ef  Ethyl-Compoimdi. 

^H   Etliyl,  symbol  Ae C,Hs 

^H   Oxide  of  ethyl  J  ether    ....  C^HgO 

^^K   Hydrate  of  the  oxide  ;  atcohnl  .  C  HgO.SO 

^V  Cbloride  of  ethyl C^HiQ 

^^B  Bromide  nf  ethyl C.EI.Br 

^H  Iodide  of  ethyl C^H,! 

^^H  Cyanide  of  etbyl C^H^Cy 

^^K  Nitrate  of  oxide  of  ethyl  .  C,H,^,NO, 

^H  Nitrite  ef  oxide  of  ethyl  .  C^UgO.NO, 

^^m   Oxalate  of  oxide  of  ethyl  .  C.Hfl.CjSt 

^H  Eydiddo  of  ethyl C^HgB 

^K^  Zinc-ethyl C^UgZu 

l^  So.,  &0. 

le  others  of  many  of  the  acids  may  be  formed  by  the  direct  nation  of  the 
«r  upon  alcohol  at  a  high  tempemture.  the  elemcDts  of  water  being  dis- 
Md  by  those  of  the  acid :  this  is  chiefly  conspicuous  with  the  volatile  acids. 
iMre  ready  general  method  of  forming  them,  however,  is  to  distil  a  mii- 
e  of  alcohol,  sulphuric  acid,  and  a  salt  of  the  acid  the  elher  of  which  ia 
tlired.  The  fatty  aciils,  which  in  ganerai  cannot  be  distilled  without  more 
Ian  decomposition,  yield  their  ethers  with  great  fnoilily  by  the  action  of 
Iroohlorio  acid  gas  upon  an  alcoholic  solution  of  the  acid, 
'he  emnpouud  ethers  are  mostly  volatile  aromatic  liquids,  in  a  few  oosM 
aCalliiable  solids,  without  action  on  vegetable  cnlo;^,  sparingly  soluble  in 
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water,  but  diasolted  in  nil  proportion!  by  alcohol  and  ether.  They  «re  ol  _ 
■Bled  upon  in  llie  cold  hy  nlkuline  cnrbonatee,  but  enffer  decomposJHan  «{W 
more  or  logs  difficulty  Hhen  bented  witli  aqueoua  solutioDS  of  cuaatiG  Kik 
a  BEilt  of  the  iLcid  of  Che  ether  being  asually  genenilcd,  and  alouhel  fan 
kad  let  free.  Aa  alcuholje  Bolation  af  hydrate  of  polasea  or  soda  is  1 
native  in  Ihia  reapacl.  The  name  kind  of  decomposition  is  often  broagbt  it 
bj  (he  prolonged  contaot  of  boiling  water. 

Cblobide  or  ethyl;  i,iout  BTDBoaBtoaio  ethrb;  A eCl.— Rectified  s| 
bf  wine  19  gatarated  with  dry  hydroohlorio  acid  got,  and  the  prodoot  die 
Hfitii  very  gentle  hent ;  or  a.  miitnro  of  3  parts  oil  of  vitriol  and  2  of  al     . 
is  pourod  upon  4  parts  of  dry  oommon  salt  in  a  relcrt,  and  heat  appliedj^ 
either  aaxo  the  vapor  of  the  hydrochloric  ether  should  be  oonducted  thi 
little  tepid  water  in  a  wash-bottle,  and   then  conveyed  into  a  Bmall  r 
gnrroanded  by  ice  and  salt.     It  is  purified  from  adhering  water  by  ei 
wttb  a  few  ringmeals  of  fused  chloride  of  calcium.     Hydrocblor' 
a  thin,  oolorloaa,  and  exceBsively  volatile  hqnid.  of  a  penetrating,  anK 
and  Bomewbat  alliaceaos  odor.     At  the  freeiing  point  of  water,  ita  sp.  g 
0'S21,  and  it  boils  at  50°  (12°-5C) ;  it  is  soluble  in  10  parts  of  wale    ' 
deoompoaed  by  solution  of  nitrate  of  silver,  but  is  quickly  resolved  ii 
ride  of  potassium  and  atoohol  by  a  hot  solution  of  Caustic  potassa. 

Bbouidk  or  ethtl;  QTnuoBROHic  ETHEQi  AeBr.  —  This  is  prepanlV 
distilling  a  mixture  of  8  parts  bromine,  I  part  phospboras,  and  S2  tmB 
alcohol.  The  pbosphorns  ia  converted  into  phosphorona  acid  by  the  oiygw 
of  the  alcohol,  when  the  ethyl  combines  with  tlie  bromine ,-  3  eqnivalenti  at 
alcohol,  8  equivalents  of  bromine,  and  1  equivalent  of  phoapboms,  yiald  i 
equivalsntB  of  bramide  of  ethyl,  3  equivalenta  of  water,  and  I  equivalent  of 
phosphorous  acid.  It  is  a  very  volatile  liquid,  boiling  at  106°  (ll^CJ,  ofpBsr 
trating  tnate  and  smell,  and  superior  in  denaity  to  water. 

Iodide  or  bthti.;  htdkiodio  etbeb;  Ael. — Obtnised  by  gradually  m 
with  precaution,  I  part  of  phospborna,  6  parts  of  alcohol,  and  10  pai 
iodine  (1  eq.  of  phoBphoma,  3  e<[.  of  alcohol,  and  S  eq.  of  iodine),  and  M 
tilling.  Tbe  reaction  is  analogous  tc  that  described  in  the  case  of  the  If 
mide.  Iodide  of  ethyl  is  a  eolorlesa  liquid,  of  penetrating  etbereal  a 
having  a  density  of  I'DiJ,  and  boiling  at  15B°  (TO°C].  It  becomes  red  Ij 
expoBure  to  light  from  a  commenoement  of  decomposition.  This  Bubff 
baa  become  highly  important  as  a  source  of  ethyl,  and  from  its  r 
deportment  with  ammonia,  whiob  will  be  discnsaed  in  the  Seotjon  o 
Baaea. 

Sulphide  of  ethyl  ;  AeS.— Formed  by  the  action  of  chloride  of  ethyl  o] 
a  solution  of  the  pioloaulphide  of  polnsaium.      U  is  colorleas,  boa  a  di 
oble  gnrUc  odor,  and  boila  at  180°  (82°C), 

Cyanide  of  ethyl,  AcCy.  — This  is  produced  when  a  mtiture  of  anlpb 
nate  of  polnssa  and  cyanide  of  potasainm,  both  in  a  dry  state,  is  slowly  b 
It  is  colorless ;  when  perfectly  pure  it  baa  n  powerful,  not  disagreeable  < 
and  a  ap.  gr,  of  0-788.  It  boils  at  i90°'i  (8H°C).  This  eubstanoe  baa  bl 
ilndied  by  Dra.  Kolbe  and  Frankland.  They  have  found  that  cyanide  of  *tl 
diflers  from  the  ordinary  ethers  in  its  deportment  with  the  alkaliei  '  " 
of  yielding  cyanide  of  potaaaium  and  alcohol,  it  is  eonrerted  inb 
and  propionio  acid,  C,H,0(,HO,  a  peculiar  acid  closely  allied  to  » 
and  whiob  will  be  noticed  more  in  detail  in  the  Propyl  seriea.  Cynoidt  tl 
.  ethyl,  in  tbiB  reaction,  nbsorba  4  equiTalenta  of  water:  — 
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|8ea  also  Cyanide  of  Methyl.) — When  acted  upon  by  potn^sium,  oyBnide  of 
Mhyl  furnishea  a  gas,  the  nature  of  which  ia  not  definitely  settled ;  the  reBidae 
lOuIainB  cyanide  of  polnBsiutn  and  an  organic  a1kaU,  q/anelMnt,  vhicb  oontains 
CnHuN,,  and  ia  formed  by  the  coalescence  of  three  equivalents  of  the  cyanide. 

-    SOLPaiTEO)'  OXIDH  OFEIBrL;     BITLPHURODS    BTHBtt ;     AeO.SO,.  —  ThlS    Sub- 

Ituiee  is  obtained  by  adding  absolute  aloohol  in  excess  to  anbchlonde  of  anl- 
phur.  Hydrochloric  acid  h  evoWed,  and  sulphur  deposited,  while  the  sulphite 
Af  ethyl  dislila  as  a  limpid  strongly-amelling  liqaid,  of  Ep.  gr.  1-08l>,  boiliug 
at  338°  (170°C) ;  it  is  alowly  decomposed  by  water. 

SOLFUATB   Of    OXIDE  OF    BTHTL  ;     SUlPHUItlC    KTllES  ;    AoO,  SO,.  —  ThlS    Bub- 

BtBDce  liaa  been  only  recently  obtained.  Il  is  formed  by  pairing  the  »apor  of 
anhydrous  aulphurio  acid  into  perfectly  anhydrous  ether,  A  syrnpj  Uquid  is 
pToduoed.  which  is  shntten  with  4  Tola,  of  water  and  1  vol  of  ether,  when  two 
lajera  are  formed;  the  lower  contains  aulpliDvinlc  aeid  (see  this  substenee, 
page  37S)  and  various  other  componnds,  white  the  upper  layer  consists  of  rd 
ethereal  solution  of  salphate  of  clhyl.  At  a  gentle  .heat  the  ether  ia  voht- 
tiliied,  and  the  sulphate  of  ethyl  remains  as  a  colorless  liquid.  It  cannot  be 
distilled  without  decomposition. 

Phosphate  of  ostcis  oy  uTavL;  pbosfhokic  kthkb.  — See  Phoaphotinro 

N;trate  of  oxtDK  op  BTHVi.;  NITRIC  etuek:  AeO.NO,.  — The  nitrnle  is 
Jtrepared  by  cautiously  distilling  a  mixture  of  equal  )veighta  of  alcohol  mid 
noderately-strong  nitric  acid,  to  which  a  small  quantity  of  nitrate  of  urea  has 
oeen  added.  The  action  of  nitric  acid  upon  alcohol  is  peculiar:  the  facility 
with  which  that  acid  is  deoiidi:cd  by  eombuatibte  bodies,  leads,  DDder  ordi- 
nary oirenmstnnces,  to  the  production  of  nitrous  ncid  on  the  one  hand,  and 
an  oxidized  product  of  alcohol  on  the  other,  a  nilrilt  of  the  oiide  of  ethyl 
being  generated  instead  of  a  nitrate,  M.  MJllon  has  shown  that  the  addition 
of  urea,  from  reasons  to  be  explained  when  ibis  compound  will  be  described, 
entirely  preionts  the  formation  of  that  subslance,  and  at  the  same  time  pre- 
aerves  the  alcohol  from  oxidation  by  undergoing  that  change  in  its  place,  the 
Eole  liquid  prodact  being  the  new  ether.  The  experiment  is  moat  safely  con- 
ducted on  a  small  scale,  and  the  distillation  must  he  stopped  when  seien- 
eightbs  of  the  whole  have  passed  over:   a  little  water  ndded  to  the  distilled 

Erodual  separates  the  nitric  ether.  Nitric  ether  has  a  density  of  1'112;  it  ia 
isoluble  in  water,  has  an  agreeable  sweet  taste  and  odor,  and  is  not  Secom- 
posed  by  an  aqueous  solution  of  caustic  potassa.  although  that  substance  dis- 
«jl»od  in  olcohol  attacks  it  even  in  the  cold,  with  production  of  nitrate  of 
potassa.     Its  vapor  is  apt  to  explode  when  strongly  heated. 

NiTBiTB  OF  OXIDE  OF  btbtl:  NiTBous  itHEE;  AeO.NO,. — Pure  nitrous 
ether  can  only  be  obtained  by  the  direct  action  of  the  acid  itself  upon  aloohol. 
1  part  of  starch,  and  10  parts  of  nitric  acid,  are  gently  heated  in  acapaciona 
retort  or  flask,  and  the  vapor  of  nitrous  aoid  thereby  evolved  ooadacted  into 
aleohol  mixed  with  half  ils  weight  of  water,  contained  in  a  two-neclced  battle, 
frtiioh  is  to  be  plunged  into  cold  water,  and  connected  with  a  good  condensing 
Birangement.  All  deyiation  of  temperature  must  be  carefully  avoided.  The 
product  of  this  operation  is  a  pale-yellow  volatile  liqoid,  posscasing  an  eioeed- 
ingly  agreeable  odor  of  apples ;  it  boils  at  62°  (16-60),  and  has  a  density  of 
D-mi.  It  is  decomposed  by  potassa,  without  darkening,  into  the  nitrite  of 
the  base,  and  alcohol. 

Nitrous  ether,  but  contaminated  with  aldehyde,  may  be  prepared  by  the 
foltowing  simple  method ; — Into  a  tall  cylindrical  hottle  or  jar  are  to  be  intro- 
dnced  Buccessiyety  9  parts  of  alcohol  of  sp.  gr.  0-83Q,  4  parts  of  water,  and  8 
parla  of  strong  fnming  nitric  acid ;  the  two  latter  are  added  by  means  of  a 
long  funnel  with  a  very  narrow  orifice,  reaching  to  the  bottom  of  the  hottle, 
BO  that  the  contents  may  foL*m  three  distinct  strata,  which  slowly  mix  from 
the  solution  of  tbe  liquids  in  each  other.     The  bottle  is  then  loosely  BtopQe4f  ■ 
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and  lefl  Iwo  or  threp  dnys  in  a  cool  pluee,  nfter  »hicli  it  ii 
two  layer?  of  liiiuiilB.  of  nblcb  the  uppBrmast  is  Thi;  etbcr.  It  is  puHficd  1^ 
TaotiHmtion,  A  Bomewhat  similar  proiluct  niBj  be  obtaiued  hj  oarrfnUj  ii» 
tiUinE  a  miilure  of  3  pnrls  rcctifivd  spirit  and  2  of  nitric  acid  uf  1 -2B  ep.  g 
'  be  WLtbdrawn  na  eooa  u  the  liqaid  boils. 
^irili  o/nifrt  of  phBrniftcj,  prepared  b;  distilling  tlirei  pouwlll 
a  aleobol  Kith  four  ounuea  of  nitria  acid,  is  a  solatiun  of  nitrouri  eth«r,  aldl- 
liyde,  and  perhaps  olber  subatances.  in  spirit  of  wine. 

Silicic  aiii>  vobacio  etbebs.  —  A  number  of  these  CDOipouiids  appMn  ll 
«xiBt,  coDtaiaing  different  proportions  of  the  acida.     Silicic  etRir.  contaial* 
KAeO,8iO],  was  obtained  by  M.  Ebelmcn  b;  the  «otion  of  auhjdroua alooM 
tipon  dhloride  of  ^ilicinm.     It  is  a  colorless,  limpid,  arumatio  liquid,  of  sp.0 
O-nSS,  boiling  at  329°  (l<i5''C),  and  decomposed  b;  water  iritb  prodnelion  g 
silicio  Bold  and  alcohol.     In  eontaot  with  moist  air  it  is  gradually  raioli* 
Into  traDKluoent  liydrate  of  elHca,  wbioh  becomes  in  the  end  hard  enough  I 
Miratoh  glass.     By  suhBtitaling  ordinary  spirit  for  absolute  alcohol,  a ' 
oompounds  containing  a  larger  portion  of  siticic  acid  are  obtained. 
,  Boraein  elhcr  was  procured  by  a  similar  procesa,  xnbslitnting  the  e 
of  boron  for  chloride  of  silicium.     It  forms  ■  thin,  limpid  liquid  of  ng. . 
odor,  having  the  sp.  gr.  of  0-885,  and  boiling  at  248°  (IIS^C).     It  is  di 
posed  by  water.     Its  alooholic  solution  bnrus  with  a  fine  green  flame,  tl 
ing  off  a  thick  smoke  of  boruaio  ncid.     It  oontuins  SAeO.BoO^     A  si 
lioracic  ether,  in  the  form  of  a  solid  glassy  fusible  substance,  coulaining  Ai 
JEBoOp  was  formed  by  tbo  aciion  of  fused  boracic  acid  upon  nbaolute  alooh 
jt  is  volatile  in  the  vnpor  of  alcohol  only,  and  is  deoompoHelJ  by  water. 
Of  tba  ethers  of  the  orgnnic  acids,  the  fullowitig  are  the  most  imporCaM;' 

OSAtATK  OflHtOKIUEOFElHTL;    OXAllO    KTllSB  ;    AeO,C,Oa,  —  TWS  (W 

.(Honnd  ia  most  easily  obtniiied  by  distilling  together  4  parts  binoialato  ( 
potassa,  5  parts  oil  of  vitriol,  and  i  parts  strong  alcohol.      The  distftlitl 
nay  be  pushed  nearly  to  dryness,  and  the  receiver  kept  inimii  to  dissipate  K 
flrdinary  ether  that  may  be  formed.     The  product  is  miied  with  water,  ij 
Which  the  oxalic  ether  is  sepnrated  from  the  nndecompoEed  spirit;  it  iiif 
|»eatedlj  washed  to  remove  adhering  acid,  and  ro-distiJIed  in  a.  amall  rt'   ' 
the  first  portions  being  received  apart  and  nyected.     Another  very  n 
JiTOOeSS  consists  in  digesting  eqnnl  parts  of  alcohol  and  dcliydraled  O 
acid,  in  a  flask  furnished  with  a  long  ginsa  tube,  is  which  the 
ipiril  may  condense.     After  6  or  8  hoars'  digestion,  the 
aontnins  only  traces  of  oxalio  ooid  which  is  not  etherified. 

Pure  oxalic  ether  is  a  colorless,  oily  liquid,  of  pleasant  aromatio  odor,  H 
1-09  sp.  gr.  It  boils  at  aeS"  (183°-Bi:),  is  but  little  soluble  in  water,  ta' 
readily  decomposed  by  caustic  alkalies  into  tin  oxalate  and  alcnboL  1 
solution  of  aniraoDia  in  eiceas,  it  yields  oxamidt  and  alcohol  C.II.O.CA 
NH,  =  C,0,,NH,  4-  C,H,0,HO.  This  is  the  best  process  for  prei5.ring« 
mide,  which  is  obtained  perfectly  white  and  pure.  {See  page  3QIJ.  Wl 
'  dry  gaseous  ammonia  is  conducted  into  a  vessel  centainitig  oxalic  ether, 
gas  is  rapidly  absorbed,  and  a  white  solid  substanoe  produced,  whioh  is  ■ 
ble  la  hot  alcohol,  and  separates  on  cooling,  in  colorless,  transparent,  so 
orystala.  They  dissolve  in  water,  and  are  both  fusible  and  volalil*.  1 
name  examrllianc  ia  given  to  this  body;  it  consiels  of  CgH,NQ.=^CLH 
C,n,NOj.  i.  e.,  the  ether  of  Oiamic  acid  (see  page  S62).  The  sam  "  '  — 
Is  farmed  when  ammonia  in  smalt  quantity  ia  added  to  a  solutii: 
ether  in  alcohoL 
When  oxalic  ether  is  treated  with  dry  chlorine  in  excess  in  the  sunshiny 

oolorleps,  crystalline,  fusible  body  is  produced,  insoluble  in  vaur,  ■ 
lly  dcouropo?ed  by  alcohol.      It  containa  C,Cljf)(,   or  oialie  ethM^ 

the  whole  of  the  hydrogen  is  replaced  by  chloriue. 

BOf  ojiiBaor  ETUvi.:  .;ABEnNio  btbib:  AeO.CO- ■ 
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of  pot&Bsinm  or  eDdiiim  nre  dropped  into  oxalic  etber  na  long  KB  gai  is  disan- 
gaged ;  lim  brown  pitstj  product  is  tlien  mixed  nilli  water  and  distltltd.  The 
oarhonio  ethsr  ia  fuaod  tluating  npon  tbe  surfiLce  of  t)ie  water  of  tlio  receiver 
■B  a  colorleas,  limpid  liquid  of  aromatic  odor  and  burning  taata.  It  boila  nt 
269"  ^126°C],  and  \a  decooiposed  by  nn  alcoholic  solution  of  potassa  into  car- 
bonste  of  tbnt  baae  and  alcohol.  The  reaction  which  gives  ria«  to  this  Bub- 
BtBnce  ia  nnexplained. 

The  ethers  of  ninny  of  the  vegctabk  acida  have  been  obtained.  The  de- 
Boription  of  these  aubslances  and  of  some  of  their  products  of  decompoaition 
ia  pualponed  until  the  history  of  llie  acids  themselTes  hns  been  giion. 

CituisacAKBOHtc  ETHKB.  — Allhuugh  the  cnnstitntion  of  tliis  eiibataaoe  ia 
doubtful,  it  may  be  here  described.  Absolute  alcohol  is  introdnceil  into  a 
gliiBa  globe  coutaiuing  chlorocarbouie  acid  (pliosgene  gita,  see  p.  14S) ;  the 
gwj  ia  absorbed  in  large  quiiTitity,  and  a  yellowish  liquid  prodnced,  from 
-wliich  water  Boparates  the  ciiloidciirbonio  ether.  When  freed  from  water  by- 
chloride  of  calcium,  niid  fiuiii  ml  lulling  acid  by  rectification  from  litharge,  it 
fbriDB  a  thin,  colorless,  neutral  liquid,  which  burns  with  a,  green  fiame.  Its 
density  ia  iVii;  it  boiU  at  "JOJ"  (iJl=-5C).  The  vapor,  miieil  with  a  large 
quantity  of  air,  has  an  agreeoblo  odor,  but  when  nearly  pare  is  extremely 
Buffoooling.  II  contains  C,H,(nO,  =  C,HjO,C,CH)j.  The  deuaitj  of  t!ie 
vapor  is  3-82. 

The  action  of  ammonia,  gaBeooa  or  liqaid,  npon  thia  substance,  gives  rise 
to  a  very  cnrions  prodaot,  called  by  M.  Dumaa  urethant ;  sal-ammoniac  is  at 
^le  same  time  formed.  Urethaoe  is  a  white,  solid,  oryetalliinble  body,  Fnsi- 
ble  below  212''  (IIWC),  and  distilling  anuhanged,  when  in  a  dry  state,  at 
aboat  Saao  (IBCFC);  if  moisture  be  present,  it  ia  decomposed,  with  evolulioa 
oT ammonia.  Water  dissolves  this  substance  very  easily:  the  solution  is  not 
■ffeoted  by  nitrate  of  silver,  and  yields,  by  spontaneous  evaporation,  large 
nnd  iliHtiuot  crystals.  It  contains  C,H,NO,,  or  the  elements  of  carboiiic  etliei 
dud  UTKi,  — whence  the  name. 


SntPHOTisic  ACID,  C4lT(0,2SO^HO.  — Strong  rectified  spirit  of  wine  is 
rolled  with  twice  its  weight  of  conccniraled  sulphuric  acid;  the  miitore  is 
heated  to  ita  boiling-point,  and  then  left  to  cool.  When  cold,  it  is  dilnted 
with  a  large  qaanCity  of  water,  and  neutralized  with  chulk:  much  sulphate 
of  lime  ia  produced.  The  mass  is  placed  upon  a  cloth  Slter,  drained,  and 
pressed ;  tbe  clear  solation  is  evaporated  to  a  staall  bulk  by  the  heat  of  a 
W»ter-bath,  filtered  from  a  little  aulphate,  and  left  to  crystallize ;  the  product 
is  «ii^*DBinii(e  0/  limt,  in  beautiful  colorless,  transparent  crystals,  containing 
C»O,C4H,O,2S0,  -1-  2U0.  They  dissolve  in  on  equal  weight  of  cold  water, 
,  snd  emorosoe  in  a  dry  atmosphere. 

A  rimilnr  salt,  containing  baryta,  BaO,C^H,0,2Si:^+  2B0,  equally  eolubla, 
•ad  Btili  more  beautiful,  may  be  produced  by  substituting,  in  the  above  pro- 
oHs,  earbonale  of  baryta  for  chalk ;  from  this  substance  the  hydrated  acid 
may  be  procured  by  eiaotly  precipitating  the  base  by  dilute  sulphurie  acid, 
and  evaporating  the  filtered  solution,  in  vacuo,  at  the  temperature  of  the  air. 
It  fimna  a  aour  syrupy  liqaid,  in  which  sulphuric  acid  cannot  be  recognized, 
and  ia  very  easily  decomposed  by  heat,  and  even  by  long  eiposnre  in  the 
TBcmam  of  the  air-pump.  All  the  snlphovinates  are  soluble ;  the  solutions  are 
deoompoaed  by  ebullition.  The  lead-salt  resembles  the  bnryia-com pound. 
That  of  potnasa,  easily  made  by  decomposing  aulphovinate  of  lime  by  car- 
bouate  of  potnasB,  is  anhydrous  ;  it  is  permanent  iu  the  air,  very  soluble,  and 
aryatallizes  well. 

Bulphovinalo  of  potaseft,  diatilled  with  concentrated  sulphuric  acid,  giTM   . 
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Mher ;  nilli  dilute  mlpharld  &eiil,  slcoho! ;  •nd  witb  ntrong  m 
ether.  Holed  with  bjdrate  of  lime  or  barjM.  tlie  salphoiii 
ptute  of  the  bnae  and  alenhol. 

DupHOviBic  ACID,  C,H,0,P0»2H0,  —  This  acid  ia  bibnuc.     The  IwrjU 

a  prepared  b;  bentiDg  to  160°  (62°-2C)  a  miitare  of  eqaal  vcights  of' 

KDf;  aldohol  and  ejrapj'  pboBphoric  aaid,  dilnticg  this  mixture,  niter  tlii 

pte  of  24  hours,  irith  water,  and  neatralizing  b;  carbonalB  of  bHrylo.    Tte 

itntlOQ  of  pbosplioTiDate,  aepHrated  b;  filtration  Ironi  the  insulubte  pboaphat 

b  CTaporated  at  a  moderate  temperalnre.      Tbe  salt  crjetallizea  in  brilliu 

bxagonal  plates,  vhiob  haTi^  a  pearl;  liutre.  and  are  more  Eoiuble  Id  oo 

"n  bol  water;  itdispoliips  in  15  parte  of  witter  at  68°  (liCC).   Thecrjiti 

n  2BaO.C4HjO.PO,  +  12H0.     From  this  substance  tbe  hjdratedat 

l*Ba;  be  obtained  b;  precipitating  the  baryta  hy  dilute  unlpburic 

I    eiaporotiug  the  filtered  liquid  in  the  Taeunm   of  the  air-pump; 

oolorless,  sympj  liquid  of  intensely-sour  taste,   vhieh  aometimes  eihiUI 

•ppearanees  of  cryetalliintion.     It  is  ver;  soluble  in  wnler.  alcohol,  and  ethi) 

■nd  easily  decomposed  by  heat  when  in  a  concentrated  state.     The  pboqilii 

[. 'linales  of  time,  ailTer.  and  lead  possess  but  little  solnbUity;   those  of  tU 

Mlialiea,  magnesia,  and  stronMa,  are  freely  soluble. 

Voegeli  has  lately  observed  that,  by  Ibe  aetion  of  syrupy  phosphoiil)  tM 
■Don  alcohol,  together  with  phosphuviuia  acid,  another  ncid  ia  formed,  U 
irtiiDb  he  giTes  tbe  name  phoEph  obi  ethyl)  c  acid,  pbospbovinic  ocid  beiui 
designated  as  phospbethylio  acid.  Tbe  baiyta-  silver-  nod  lead-salts  of  lit 
■cid  ore  more  eoloble  than  Che  corresponding  phosphoTinatos.  Tbe  lead-si 
■nd  lime-salt  are  anhydriius,  and  coolaiu  respective);,  PbO,2C,H,O,F0.  u 
CaO,2C,HjO,PO^ 

Tbe  former  of  these  snlts,  when  heated  to  a  temperature  of  between  356°  « 
874°  (180°  and  ]!IO°C},  yields  an  aromatic,  limpid  liqnid,  which  is  trlbM 

E"iosphoric  ether,  8C,H,0,P0,,     It  boils  at  288°5  (142°-6C).     Its  rormatil 
represented    by   the    equation:     2(PbO,2C.H,0,PO^  =  BC,H.O,P0,-p 
SPbO,C,H,0,POj. 

OxALovinra  acis.  C,H,0.2C,0j  HO.— Oxalic  ether  is  dissolved  in  aohydrMI 
alcohol,  and  enougb  alcohoUc  solution  of  canstio  potoj^sa  added  to  neutnLSn 
one-half  of  the  oxalia  acid  present,  whereupon  the  potasaa  salt  of  the  Mf 
acid  precipitates  in  the  form  of  crystalline  BCalee,  insoluble  in  alcohol,  M' 
easily  dissolved  by  water.  The  free  acid  is  oblnined  as  a  sour  and  exceeding 
Inrtable  liquid  by  tbe  addition  of  hydro fluosilicie  acid  to  a  solotion  of  tin 
preceding  salt  in  dilute  alcohol.     It  forma  witb  baryta  a  very  soluble  suit. 

A  larlrotmic  acid  has  been  described,  and  many  other  compounds  of  lb 
■■me  type  exist. 


Another,  and  a  different  view,  is  very  frequently  taien  of  the  sulw 
just  described,  and  of  many  analogous  compounds.  The  sulphoiiiistt^ 
phosphovi nates,  &c.,  are  sapposed  to  possess  a  constitution  resembling  tin 
of  ordinary  double  salts,  one  of  the  bases  being  a  metallic  oiide,  and  6 
other  ether.  Thus,  anhydrous  aulphovinate  of  baryta  is  written  BaO,&0|' 
CfUiC^IV  "f  double  sulphate  of  baryta  and  ether;  hydrated  enll^ani 
aeid  is  UO.SOi  -f-  C,}ifi,BO^.  or  bisulphste  of  ether.  There  are,  howati 
grave  objections  agninat  this  mode  of  viewing  the  subject;  in  every  It 
double  salt  tbe  characters  both  of  aoid  nnd  bases  remain  unchanged:  all 
gives  the  reactions  of  sulpharia  acid,  of  alumina,  nod  of  potassa;  while 
iulphovinie  acid  or  sulphovinate  not  a  trace  of  aitlpbnric  acid  can  be  deti 
by  any  molbod  abort  of  actual  decomposition,  by  heat  or  otherwise.  If 
phoviniite  of  bnryta  contain  sulphate  of  baryta  ready  formed,  it  is  very  dlSel 
to  understand  how  that  salt  can  be  decomposed  by  an  adi"*'""  '  '  '— ' 
i.    The  student  must,  however,  bear  in  mind  that  all  vi 
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ProdiuU  of  Ihe  Decatapoillion  of  Sulji/iovinic  Acid  by  Biat. 

A.  Holutioci  of  aulphoTinia  acir],  or,  whtit  is  cquifaUnt  to  it,  a  mixture,  in 
due  proportions,  of  oil  of  Titriol  and  alrong  alcohol,  undcrgosB  decompOBition 
wben  heated,  yielding  proitucta  which  diBer  with  the  temperature  to  wbioh 
ttie  liquid  is  subjected.  The  canae  of  the  decompositioo  ia  to  be  traced  to  tha 
Inatsbilitj  ff  'lio  corapoond  itself,  to  Ihe  basic  power  of  water,  aud  the  attrao- 
HoD  of  Bulphuria  acid  for  the  littter,  in  virtue  of  wlilch  it  delerminea  the  pro- 
lootion  of  that  aubstanoe,  and  liberates  tha  eletoenta  of  ether. 

When  the  eulpboTinia  acid  is  so  far  diluted  as  to  boilfat  260°  (126°6C)  or 
Delow,  or  when  a  temperature  not  exceeding  this  is  applied  to  a  stronger 
Bolution  bj  the  aid  of  an  oil-bath,  the  compound  acid  ia  roaolTed  into  anl- 
phurio  acid,  which  remaioB  behind  in  Ihe  retort  or  dislillatory  Tessel,  while 
alcohol,  and  mere  traces  of  ether,  are  volatilised. 

An  acid  whose  boiling-point  liea  between  260°  and  810°  (12G°'6  and 
I54°-6C)  is  decomposed  b;  eballition  into  hjdrated  sulphmic  acid  and  ether, 
wliieh  is  accompanied  b;  small  quantities  of  alcohol. 

IiMtly,  when,  bj  the  addition  of  a  large  quantity  of  oil  of  vitriol,  the  boil- 
ing-point of  the  mixture  is  made  to  rise  to  Z'Kf  (160°C)  and  above,  the  pro- 
daotioQ  of  ether  diminiehes,  and  other  subatnnccs  begin  to  make  their  appear- 
ance, of  which  the  most  remarkable  is  olefiant  gas.  The  mixture  in  the  retort 
blackens,  aulphuroas  acid  and  carbonic  acid  are  disengaged,  a  yellow,  oWj 
aromatio  liqnid  paases  over,  and  a  coaly  residue  is  left,  which  contains  sul- 
phur. Tbe  chief  and  characteristic  product  is  defiant  gas;  the  others  may 
be  oonsidered  the  result  of  secondary  actions.  The  three  modes  of  decompo- 
sitiaa  may  be  thna  contrasted :  — 

Below260°C,H,O,2SO„HO-|-2TIO  =  C,H,0,H0-|-2CS0^H0) 
li60°— 310°  C4H,0,2SOipHO -f  HO  =  C.H.O  -|-2(S0„H0) 
Above  320°  C,H,0,2S0„H0  =    C(H,  -i-2(S0,,U0) 

The  ether-prodasing  temperature  is  thus  seen  to  be  circumscribed  within 
narrow  limits.  Id  the  old  procesa,  however,  in  which  a  miitore  of  equal 
weights  of  alcohol  and  sulphurio  acid  is  subjected  lo  distillation,  these  condi- 
tions aan  be  but  partially  complied  with.  At  first  the  temperature  of  the 
tnixtore  is  too  low  lo  yield  ether  in  any  quandty,  and  towards  the  end  of  the 
proceas,  long  before  all  the  Eulphnvinic  acid  has  been  decomposed,  it  becomes 
too  high,  so  that  defiant  gas  and  its  accompanying  prodacts  appear  instead. 
The  remedy  for  this  inconvenience  conaiats  in  restraining  the  temperature  of 
ebullition  of  the  mixture  within  its  proper  bounds  by  Uie  introduction  of  a 
OODstant  supply  of  alcohol,  to  combine  with  the  liberated  sulphuric  acid,  and 
reproduce  the  anlphovinio  acid  aa  fast  aa  it  beeomea  deatroyed.  The  improved, 
or  contijinovs  ether  process,  in  which  the  same  acid  is  made  to  etherify  an 
almost  indefinite  quantity  of  spirit,  may  be  thus  elegantly  conducted  npou  a 
emnll  scale. 

A  wide-necked  flask  is  Stted  with  a  sound  cork,  perforated  by  three  apcr- 
tnreH,  one  of  which  is  destined  to  receive  a  thermometer,  with  the  graduation 
on  ffae  stem ;  a  second,  the  vertical  portion  of  a  long  narrow  tube,  terminating 
in  an  orifice  of  about  -^  of  an  inch  in  diameter ;  and  the  third,  a  wide  bent 
tnbe,  connected  with  the  condenser,  to  carry  off  Ihe  voIatJlined  products.     A 

'    ■         ■    made  of  8  parts  by  weight  of  concentrated  aulphnric  acid,  and  5  parts 


ito  the        ^ 
ometoT      J^^ 
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very  shortly  iodicalee  n  temperatare  of  300°  (149°C).  When  tUa  hftppv 
B3c(ihul  or  the  khove  d«DBilj  is  tmlFered  stivl;  to  eater  by  the  Duroir  I^ 
wbich  is  put  into  commualcatioQ  with  a  reservoir  of  Uint  liquid,  couBtating  at, 
Urge  bottle  perforated  b;  t,  bole  Dear  the  bottom,  and  furuiabcd  with  BSM 
braaa  alopcock,  (itfed  by  a  cork:  the  slopoock  is  secured  to  the  end  of  Q 
long  tubs  by  &  cnoatehouo  coDDCotor,  tied,  u)  Dsunl  with  silk  cold.  M  (I 
tube  passes  nearly  to  the  bottom  of  the  flask,  the  alcohol  gets  Iboron^ 
mixed  with  the  acid  liquid,  the  hydrostatic  pressure  of  the  fluid  column  boH^^ 
■officient  to  insure  the  regularity  of  the  flow  ;  the  qoMitity  is  easily  ai]juil 
by  the  aid  of  tbe  stopcock.  For  condensatioii.  a  Livbig's  ooDdenser  majl 
used,  supplied  with  ice-water.     The  airangement  is  seen  in  Sgure  182. 


>ntloaofetlH!F.  0.  Fluk  opaUlnlngtbemlitDnasfoUDfiluW 
wttiL  stopcock,  Fi>TBppl;lDBHa>DBtBiitBtreamDfHlwtaDL  e,""" 
•        -■       onveyinB  »HBy  lh«  TspotB.    it.  Till  lb 

The  intensity  of  the  boat,  and  the  supply  of  alcohol,  must  be  bo  acQiul)' 
that  the  thennometer  may  remain  at  300°  (149°C),  or  h.>  near  that  t«mpr~ 
tore  as  possible,  while  the  contcntB  of  the  flask  are  maintained  in  a  stata 
rapiil  and  viotenl  ebuUiUnn  —  a  point  of  essential  importaoce.  Ether  imdai 
distil  over  together,  and  collect  in  the  receiTer,  forming  two  distinct  stitM 
mixture  slowly  blackens,  from  some  slight  secondary  action  of  the  mI 
1   ajion  the  spirit,  or  upon  Uie  impurities  in  the  latter,  but  rt 
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honrs'  ebnllition,  its  efherifying  powers  unimpaired.  The  acid,  however, 
(Jowl;  TolatiliiDS,  partt;  in  the  state  of  oii  of  mine,  and  the  quantity  of  liquid 
tn  the  Sask  is  fuund,  after  the  loipae  of  a  cansidcralile  intcnal,  aensililj  dtmia- 
khed.  This  loss  of  nuid  constitutes  the  only  limit  to  the  daration  of  the  pio- 
oees.  ffhioh  might  olhErnise  be  contlnaed  indefinitely. 

On  the  large  scale,  the  Hask  may  be  replaoed  by  a  vasael  of  lead,  the  tnbea 
keing;  also  of  the  same  metal ;  the  etcm  of  the  thermometer  mny  be  made  to 
pass  air-tight  through  the  corer,  and  heat  ma;,  perhaps,  be  advantageouely 
applied  by  higb-pressure  steam,  or  hot  oil,  circulating  in  a  spiral  tube  of 
metal,  immersed  in  the  mixture  of  acid  and  spirit 

The  emde  ether  ia  to  be  separated  from  tbe  water  on  which  it  floaU,  agi- 
tated with  a  little  solution  of  caustio  potassa,  and  re-distilled  by  the  heat  of 
warm  water.  The  aqueous  pordon,  treated  with  an  alkaline  solution,  and  dis- 
tilled, yields  alcohol,  eoiitaining  a  little  ether.  Sometimes  the  spontaneona 
separaUon  before  mentioned  does  not  ooour,  &om  the  occidental  presence  of  a 
larger  quantity  than  usual  of  undecoinposed  alcohol;  tbe  addition  of  a  little 
water,  however,  always  sulficoa  to  determine  it. 

We  shall  once  more  return  to  the  formation  of  ether,  when  we  disouas  the 
methyl-c  ompoouds. 

Hkaty  oil  of  wiNB.  — When  a  mixture  of  2J  parts  of  concentrated  sul- 
pharic  acid,  and  1  part  of  rectified  spirit  of  wine,  of  0-833  sp.  gr.,  is  subjected 
to  dislillatioQ,  a  little  ether  comes  over,  bat  is  quicbly  succeeded  by  a  yellow- 
ish, oily  liquid,  which  muy  be  freed  fi^m  sulpburous  acid  by  agitation  with 
water,  and  from  ether  and  UDdecomposed  alcohol  b;  exposure  in  the  vacuum 
of  the  air-pump,  beside  two  open  capsules,  the  one  containing  hydrate  of 
potaaaa,  and  the  other  coocentrated  aulphorio  acid.  This  substance  may  be 
prepared  in  larger  quantity  by  the  deetructife  distiltatlan  of  dry  sulphorinate 
of  Ume ;  alcohol,  oil  of  wine,  and  a  small  quantity  of  an  exceedingly  volatile 
Uqnid,  yet  imperfectly  exiimincd,  are  produced.  Pare  oil  of  wine  is  coloriesa, 
or  greenish,  of  oily  conaistenoe,  and  benTierthan  water;  it  has  an  aromatio 
taste,  and  au  odor  resembling  that  of  peppennint.  Its  boibng-point  is  tolerably 
high.  It  ia  soluble  in  alcohol  and  ether,  but  scarcely  so  in  water.  By  onalysis 
it  is  fonnd  to  contain  CjH,0,2S0j.  or  perhaps  C.H,,eO,+  C,H,0,80,;  that  is, 
neutral  sulphate  of  otber,  in  combination  with  the  aulpbale  of  a  hydro-carbon, 
ttheroU. 

lu  contact  with  boiling  water,  oil  of  wine  is  resolved  into  snlphoviiuc  aoid, 
and  a  volatile  liquid,  known  by  the  name  of  tight,  or  >w«(  oil  ofwiae:  vrith  an 
alkaline  solution  this  effect  is  produced  with  even  greater  facility.  Light  oil 
of  wine,  left  in  a  coul  place  for  seferal  days,  deposits  crystals  of  a  white  solid 
matter,  which  is  tasteless,  and  lias  but  little  odor;  it  is  called  ftherin.  The 
flaid  residual  portion  is  yellowish,  oily,  and  lighter  than  water ;  it  has  a  high 
boiling-point,  solidiSea  at  a  very  low  tempernlure,  and  is  freely  soluble  in 
aldobol  and  ether;  it  bears  the  name  of  etherolt.  Both  etherole  and  etlierin 
have  (be  same  composition,  namely,  C,H^  and  are  coaaequently  isomeric  with 
olefiunt  gas. 

Olefiint  has;  ethtlehb.  —  This  substance  may  also  be  advantageously 
prepared  on  the  principle  described,  by  restraining  the  temperature  within 
certain  bounds,  and  preventing  the  charring  and  destructioQ  of  the  alcohol, 
which  always  oacurs  in  the  old  process,  and  which,  at  the  same  time,  leads  to 
the  production  of  sulphuroua  and  carbonic  acids,  which  contaminate  the  gas. 

If  the  vapor  of  alcohol  be  passed  into  somewhat  diluted  sulphuric  ucid, 
niaintuned  at  a  boiling-heat,  it  is  absorbed  with  production  of  sulphoTinic 
Mid,  which  is  shortly  afterwards  decomposed  into  water  and  defiant  gas. 
The  process  is  thus  conducted :  —  A  wide-necked  flask,  containing  rectified 
•pirit  of  wine,  is  fitted  with  a  cork,  through  which  pass  an  ordinary  safety- 
tnbH,  with  a  htUe  water,  and  the  bent  glass  tube,  intended  to  convey  the 
npoi  of  the  spiiit  into  the  acid.     The  latter  must  be  of  such  sUen^K  ita  \a  j 
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r  lave  >  boiliDg-poiDt  between  320°  and  330°  (lOOo  and  I65°'6C);  it  !■  pi« 
I  pared  b;  diluting  strong  oil  of  Titriol  villi  mther  leea  tban  bii1f  its  wmght  0 
f  iraler.  The  acid  is  placed  in  a  scoond  and  larger  Ba.ali,  also  closed  b;  a  M^tH 
I  hilo  whicli  are  inserted  two  tubes  and  a  therm omeler.  The  first  is  a  piece  u^ 
I  Itraiglit  lube,  wide  enougti  to  allow  Ihe  lubo  cuoTejing  Uio  aloohol-Tapar  k' 


}niea  freelj  down  it,  nnd  dipping  a  little  way  Into  the  acid;  tbe  second  i*  I 
narrow  bent  tube,  the  extremit;  of  wliieh  ia  immereed  in  the  water  of  tt 
pneumatic  trough.  Both  flasks  are  heated ;  and  as  soon  as  it  is  seen  that  lit 
aoid  ia  in  a  state  of  tranquil  ebullitioc,  while  the  thermometer  marks  the  tflH* 
pernlure  above  mentioned,  the  spirit  is  made  to  boil,  and  its  taper  oarried  into' 
the  BBid,  which  very  soon  begins  to  evolva  olefinnt  gas  and  Tapot  o(w«rt 
accompanied  b;  a  little  ether  and  oil  of  wine,  but  no  snlphnrona  aoid.  SI 
aoid  liquid  does  not  blacken,  nnd  llie  experiment  mnj  bo  carried  on  as  1(4 
as  maj  be  desired.  This  ia  a  Tcr;  elegant  and  inatructite,  althongti  ■o^f'^ 
what  tronhfesome,  method  of  preparing  (he  gas.  The  essential  parts  of  A 
apparatus  are  ahoftn  in  £g,  18S.  ' 

The  properties  of  oleGant  gas  have  been  described  in  a  previons  part  of  U 
•ork.     We  mention  here  only  an  interesting  experiment  latel;  mads  byU 
Bertbelot.     Olefiaot  gas,  when  agitated  for  a  long  time  with  concent]  "^ 
Bulpburio  aoid,  ia  at  lost  absorbed.     Tbe  solution,  when  diluted  irith  w 
and  submitted  to  distillation,  furnishes  an  appreciable  quantit;  of  alcohoL    ' 

CELoaiDB  or  oLEriANT  QAs ;  DuTOU-LiQuiD.  —  It  bos  long  been  k:  *^' 
when  equal  measurea  of  olefiant  gaa  and  cbloriDe  are  mixed  01 
ftbaorption  of  the  miitnre  takes  place,  nnd  a  yellowish  oily  liquid  is  ...  _  ... 
,whioh  collects  upon  the  surface  of  tbe  water,  and  ultimately  sinks  to  ftl 
bottom  in  dropa.  It  may  bo  easily  prepared,  in  quantity,  by  oaosing  UietlN^ 
gases 'to  combine  in  a  glass  globe,  having  a  nurt-ow  neck  at  the  hnnfr 
jMLrt,  dipping  into  a  small  bottle,  destinei  to  reoeive  the  produeti    Ths  ti 
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jMM  are  eonTeyed  by  sepante  tabes,  and  allowed  to  mix  in  the  gli'bt  ilie 
•Mant  gas  being  kept  a  little  in  ezcees.  The  chlorine  shouM  be  wi>l'eJ 
vith  water,  and  tbe  defiant  gas  passed  through  strong  oil  of  Titriul.  to  rviiiuTe 
wpor  of  ether:  the  presence  of  salphnrous  and  carbuuic  acids  is  not  injurious. 
GmUnation  takes  place  Tery  rapidly,  and  the  liquid  jiro^luct  trickles  duvn 
Iks  ades  of  the  globe  into  the  receiyer.  When  a  considemble  quantity  Las 
Imd  collected,  it  is  a^tated  first  with  water,  and  afterwards  with  concentrated 
■ttphnric  acid;  it  is,  lastly,  pnrified  by  re-distillation.  If  impnre  defiant 
gu  be  employed,  the  crude  product  contains  a  large  quantity  of  a  substance 
fldkd  by  M.  Regnaolt  ckloro-tvlphurie  acid,  SO^l.  which,  on  contact  with 
Yiter,  is  oonTCrted,  by  the  decomposition  of  the  latter,  into  sulphuric  and 
Ijrdiochloric  adds. 

Pore  Dutch-liquid  is  a  thin,  colorless  liquid,  of  agreeably-fragrant  odor  and 
■weet  taste;  it  is  slightly  soluble  in  water,  and  readily  so  in  alcuhol  autl 
ither.  It  is  heaTier  than  water,  and  boils  when  heated  to  180°  (82»-3Cj :  it 
kiDiaffected  by  oil  of  vitriol  and  solid  hydrate  of  potassa.  When  inflamed,  it 
Vans  with  a  greenish,  smoky  light     This  substance  yields,  by  aualy&is, 

C|H|Glg> 

When  Dutcb-Uquid  is  treated  with  an  alcoholic  solution  of  caustic  potasso, 
it  IB  slowly  resoWed  into  chloride  of  potassium,  which  separates,  and  into  a 
lew  and  exceedingly  yolatile  substance,  containing  Q^lfil,  whose  yapor  re- 
qmres  to  be  cooled  down  to  0°  ( —  17°'7C )  before  it  condenses.  At  this 
tenperature  it  forms  a  limpid,  colorless  liquid.  Chlorine  is  absorbed  by  this 
nbekanee,  and  a  compound  produced,  which  contains  G^J^\i  this  is  in  turn 
JMomposed  by  an  alcoholic  solution  of  hydrate  of  potassa  into  chloride  of 
poUssinm  and  a  new  yolatile  liquid,  C^HgCIj. 

Bromide  ahi>  iodids  of  olkfiant  gas,  C^H^Brj  and  C^H.I^  These  com- 
pounds correspond  to  Dutch-liquid ;  they  are  produced  by  bringing  oleiiant 
|U  in  contact  with  bromine  and  iodine.  The  bromide  is  a  colorless  liquid, 
of  agreeable  ethereal  odor,  and  has  a  density  of  2-16:  it  boils  at  265° 
|12y>-6C),  and  solidifies,  when  cooled  to  near  0°  ( —  17°-7C).  The  iodide  is 
%  colorless,  crystalline,  yolatile  substance,  of  penetrating  odor ;  it  melts  at 
174«  (78°-8G),  resists  the  action  of  sulphuric  acid,  but  is  decomposed  by 
ttnstic  potassa. 

Siilfikocjfanide  of  ethylene,  —  According  to  Buff,  Dutch-liquid,  when  boiled 
ftreome  time  with  sulphocyanide  of  potassium,  furnishes  a  beautifully  crys- 
teOhed  compound,  of  a  peculiar,  mustard-like  odor,  containing  CgH4N2S4  = 

«A(CtN8,)r 

PlOinjOTS  OV  THE  ACTION  OF  CHLOBINR   ON  DUTCH-LIQUID ;    CHLORIDES   Of 

lUBOX.  —  Dutch-liquid  readily  absorbs  chlorine  gas,  and  yields  seyeral  new 
MiipoimdB,  produced  by  the  abstraction  of  successiye  portions  of  hydrofren, 
ttd  its  replacement  or  substitution  by  equiyalent  quantities  of  chlorine.  This 
ngnlar  eubttitution  of  chlorine,  bromine,  iodine,  &c.,  in  place  of  hydrogen,  as 
Wore  stated,  is  a  phenomenon  of  constant  occurrence  in  reactions  between 
tbese  bodies  and  very  many  organic  compounds.  In  the  present  case  four 
noh  steps  may  be  traced,  giying  rise,  in  each  instance,  to  hydrochloric  acid 
ud  a  new  substance.  Three  out  of  the  four  new  products  are  yolatile  li({ui(ls, 
ooBtaining  respectiyely,  C^HjCl,,  C^HgCl^  and  C4HCI5;  the  fourth  C^OIe,  in 
vbieh  the  substitution  of  chlorine  for  hydrogen  is  complete,  is  the  chloride  of 
Mrion,  long  ago  obtained  by  Mr.  Faraday  by  putting  Dutch-liquid  into  a 
VMiel  of  chlorine  gas,  and  exposing  the  whole  to  the  influence  of  light. 

Setptiehloride  or  Perehloride  of  Carbon,  ^fi\i  ifl  a  white,  solid,  cryHtalline 
Abstanoe,  of  aromatic  odor,  insoluble  in  water,  but  easily  diHsolvcd  by  alcohol 
itd  ether;  it  melts  at  820<>  (160<'Cj,  and  boils  at  a  temperature  a  little  aboye. 
b-borns  with  diflScuIty,  and  is  unaffected  by  both  acids  and  alkalies.  It  is 
Inptred  as  aboye  stated. 

AviocMIoridfi  of  Carbon,  CJCi^. — When  the  yapor  of  tbo  pr«wS\u\^  %\i^)«^«&RA 
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^^^^te  tTAnsmiited  tbrough  >  red-hot  poroelain  lube  filled  with  fi-Hgmeute  ot  gl 
^^^Hv  rock-crjBlftl,  it  is  decnniposoci  into  Tree  chlarine,  and  n  gecond  cblarlde 

^^^Kk  d«n»t;  of  l-SG,  and  bail.<  ul  248°  (120<>CJ.     The  denailf  of  viipor  U  G 

^^^^■.{t  reBenblea  in  cliemioal  nilalions  the  perchloride. 

^^^^V      Bubchloride  of  Carbon,  C^CIp  is  prmluced  when  the  pToIoaliloride  ia  pu 

^^^Hifei*!!;  succ«eaiye   times   through   an   igniti-d  purcslsiu  tube;   it  is  a  vt 

^^^^r  Volatile,  ailkj'  Bubstnnce,  roluble  in  etber. 

^^^^         Biehloride  of  Carbon,  CjCl,. — A  foarlh  cblorido  of  carbon  is  known  and 
be  described  here,  although  it  it  not  derived  from  the  atcohol  gnap.    I 
formed  hy  pikBBing  tbc  lapor  of  bisalphide  of  cajbon.  together  Yrith  cbloril 
Ihrongh  a  red-hot  porcelain  tube,     A  mixture  of  ehtoridc  of  milphi 
bichloride  of  carbon  is  formed,  which  is  distilled  with  potassa,  whi 
ahloride  of  anlphur  ia  dcconiponedi  and  pare  bichloride  posaes  otbt. 
eolurlcua  liquid   of  I'SH  fp.  gr.,  tad  boila  at  1TU°.C  {TT°C].     An  tletbi 
solution  of  potassa  coDTerla  this  compound  into  n  miiLture   of  ohloridt 
potasEiutn   and  carbonate   of  potasi^a.     The  Bantu   i^uuipound  !a  foraKd.' 
eahauating  the  action  of  chlorine  upon  marEh-gaa  and  chloride  of  melbjfT 
the  HuDEhine. 

CowEEanBi-K  I'LATiKiiM-flALTB  OF  Zbise.  —  A  Bolutioii  of  bichloiide 
pletinnm  in  alcohol  is  mixed  with  a  tittle  ebloride  of  potnnsium  diBaolied 
hydrochloric  acid,  and  the  whole  digested  Bome  hours  at  a  high  tei 
The  alcohol  is  distilled  off,  the  acid  residue  neutralized  by  carbonate 
and  left  to  crystallize.  The  distilled  liquid  coDlains  hjdrochloria  ether 
aldehyde.  The  platiiinm-salt  forniH  yellow,  Iranaparenl,  prismatic  orjll 
irhich  become  opaque  on  heating  from  loss  of  waterj  nhen  introdnced.il 

I  the  Bame  of  a  Epirit-Inmp,  the  salt  burns  TLvidly,  leaving  metallic  plaliv 
It  iB  aolnble  in  5  parta  of  warm  water.  When  dried  at  212°  (100^ 
Bubstance  contains  PI.Clj.C,Hj-J-  KCl.  Corresponding  compounda,  coDtui 
Pt,Ci,C,H,  +  NaCl.  and  I'tjCVCjH,  +  NH,C1,  are  known  to  eiiat 
The  chloride  of  potaseium  can  be  aepanited  from  the  above  componDl 
tbe  cantious  addition  of  bichloride  of  platinum :  the  filtered  Eolntion  jieli 
fiVftporation  in  vacuo  a  yellow,  gummy,  acid  mass.  The  aolution  ui  d» 
docompuBod  in  the  cold,  and  rapidly  at  a  boiling  heat,  with  aeparalioD 
blaek  precipitate.     These  compoundE ' '-' .■....-^... 


When  absolute  alcohol  is  made  to  absorb  the  vapor  of  anhydrous  snlfhurio    I 
acid,  B  white,  crystalline,  eolid  substance  is  produced,  fusible  at  a  gentle  b<lk 
which,  when   purified  from   adhering   acid,  ia  found  to  consist  of  carbM^   J 
hydrogen,  and  the  elements  of  sulphuric  add,  in  the  relation  of  the  equiwlf'   I 
nnmbers,  or  probably,  C^II..4S0,.     To  this  substance  Magnus  suppUM  Ij' 
Vaiae  lalphate  of  earbj/l.     A  body  very  similar  in  appearance  and  pmocili^ 
and  probably  identical  with  tbis,  bad  previously  been  produced  by  H.  B< 
oault,  by  passing  pure  and  dry  olefiaut  gna  over  anhydrous  snlphmis  M 
contained  in  a  bent  tube. 

When  the  crystals  of  salphate  of  carbyl  are  dissolved  in  alcohol,  1 
added,  the  whole  neutralized  by  carbonate  of  baryta,  and  the  filtered  ulatf 
oonooDtrsted  by  very  gontie  heat  to  a  Email  bulk,  and  then  miiei' 
quantity  of  alcohol,  a  precipitate  falls,  which  consists  of  baryta,  in  ■ 
tion  with  a  peculiar  acid  closely  resembling  the  sulphovinic,  but  yet  dilfcn 
in  many  important  particulars.  By  the  cautioua  addition  of  dilate  solpli*^ 
acid,  the  base  may  bo  withdrawn,  and  tbe  hydrate  uf  the  new  adid  Ictl^ 
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oihitioii ;  it  bean  the  name  of  ethionie  and.  snd  contain!  0411^0.4^0^  4*  -HO. 
Ehe  ethlonates  differ  completely  from  the  snlphoTinates:  all  are  scIuMe  in 
water,  and  appear  to  be  anhydrous.  Tho.«e  of  lime,  harvta.  and  oxide  of 
lead  refuse  to  crystallize ;  the  ethionates  of  pi.ita?'<a.  soda,  and  ammonia,  on 
the  contrary,  may  readily  be  obtained  in  ?ood  crysitals. 

When  a  solution  of  ethionie  acid  is  boile<l,  it  is  decomposed  into  sniphurio 
add,  and  a  second  new  acid,  the  iteihinnic.  isomeric  with  sulphoTinic  acid, 
fhe  isethionio  acid  and  its  salts  are  Terj  stable :  their  solutions  may  be  boiled 
vithont  decomposition.  The  isethionates  of  baryta,  lead,  copper,  potassa, 
Ipda,  and  ammonia  crystallize  irith  facility,  and  cannot  be  confonndeil  with 
vfit  ralphoYinates.  Isethionate  of  ammonia  has  been  lately  converted  into 
tsnrin.  (See  Taurin.)  The  hydrated  acid  contains  C^IIgC^iSOi-f  HO. 
■  The  action  of  anhydrous  sulphuric  acid  on  ether,  as  has  been  already 
Bcntioned,  gires  rise  to  the  format! an  of  neutral  sulphate  of  ethyl  (see  pafre 
ITS).  Together  with  this  substance,  sulphuric  acid  and  several  other  acids, 
mrAitmic  (see  Dimlpfiometholie  Acid)  and  alikionie,  are  obtained;  the  latter 
idd  is  not  yet  sufficiently  studied. 


nODUCTS     OF     THI     ACTION     OF     CHLORINE     ON     ALCOHOL,     ETHER,     AND     ITS 

C0MP0UNU8. 

Ghlokal. — ^Perfectly  dry  chlorine  is  passed  into  anhydrous  alcohol  to  satu- 
lition ;  the  gas  is  absorbed  in  large  quantity,  and  hydrochloric  acid  abundantly 
Irodnced.  Towards  the  end  of  the  process  the  reaction  must  bo  aided  by 
icai  When  no  more  hydrochloric  ncid  nppears,  the  current  of  chlorine  is 
iitemipted,  and  the  product  agitated  with  three  times  its  volume  of  concen- 
.Itated  sniphurio  acid.  On  gently  waiming  this  mixture  in  a  water-bath,  the 
.Inmre  chloral  separates  as  an  oily  liquid,  which  floats  on  the  surfnce  of  the 
idd:  it  is  purified  by  distillation  from  freuli  oil  of  vitriol,  and  afterwanls  from 
I  small  quantity  of  quicklime,  which  must  be  kept  completely  covered  by 
ttehqnid,  until  the  end  of  the  operation.  Chloral  has  been  obtninod  from 
Itueh,  by  distillation  with  hydrochloric  acid  and  binoxide  of  manganefc. 

Chloral  is  a  thin,  oily,  colorless  liquid,  of  peculiar  and  penetrating  odor, 
viiioh  excites  tears ;  it  has  but  little  taste.  When  dropped  upon  paper  it 
hmes  a  greasy  stain,  which  is  not,  however,  permanent.  It  has  a  density  of 
'1'602,  and  boils  at  201°-2  {94°C).  Chloral  is  freely  soluble  in  water,  alcohol, 
nd  ether;  it  forms,  with  a  small  quantity  of  water,  a  solid,  crystalline  hy- 
inte;  the  solution  is  not  affected  by  nitrate  of  silver.  Caustic  baryta  and 
Bne  deeompose  the  vapor  of  chloral  when  heated  in  it  with  app<Mi ranee  of 
%nition;  the  oxide  is  converted  into  chloride,  carbon  is  deposited,  and  car- 
Noie  oxide  set  free.  Solutions  of  caustic  alkalieH  also  dticompose  it,  with 
Fodnction  of  a  formate  of  the  base,  and  a  volatile  liquid,  chloroform.  Chloral 
eoBtains  G4HC1,0,. 

When  chloral  is  preserved  for  any  length  of  time,  even  in  a  vesKel  herrne* 
tieally  sealed,  it  undergoes  a  very  extraordinary  chanf^<*  —  it  becomes  con- 
verted into  a  solid,  white,  transhicent  subHtancf*,  iriMoluUe  chloral,  ytmnoyhiupi 
naetly  the  same  composition  as  the  liquid  it«elf.  Th<;  new  product  In  but 
very  slightly  soluble  in  water,  alcohol,  or  <;thf;r:  v/Uou  ^xpo)-<;d  to  li<'uf, 
■lone,  or  in  contact  with  oil  of  vitriol,  it  Ik  rrri;onv<;rti"J  intr*  onJinury  chloral. 
Sdation  of  caustic  potas-a  resolve«  it  into  formic  nri'l  mh'J  chlorofonii.  liro- 
.Reacts  upon  alcohol  in  the  hnru*t  uinuii*ir  tin  fUUit'im.  himJ  tiivo.*i  rif<^  to  n 
yrodnct  very  similar  in  properti<?>  to  th**  foiffi'/iitfc^  c;ill«'d  hromal^  wliicli  con* 
liinB  C^HBr/V     ^^  forma  u  cryHUiV.hnhU  hydratir  wit\i  wtLinr,  iii\<\  \«  ^t^invBc* 
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pORed  hy  strong  nTknline  golntiong  into  fonnic  koiJ  ftiid  bromo/c 
ponding  bJine-flompounil  probably  exists. 

Chlorine  nets  in  m,  different  manner  upon  Blcohoi  *liicli  coDtajni  IT 

when  very  dilute,  the  prinoipal  produoti  are  liylrochloHo  acid  niid  aidi 

the  ohknge  being  one  of  oiiilatian  at  the  eipcnae  of  the  valor.     With  B 

I  fpirit  the  reaction  is  more  complei,  one  of  its  producte  being  s  volatile, 

I  Milorlesa  liquid,  of  uncertain  oompaiiition,  long  luiovn  under  the  nu 

itavy  muiiaiie  tthtr. 

The  mode  of  action  of  dry  ohiorine  on  pure  ether  conforiDS  stricll;  t 
law  of  subetitulion  before  mentioned ;  the  carbon  remains  intact,  while  ) 
tion  or  the  whole  of  the  hydrogen  is  remoied.  and  its  place  supplied  bj. 
equiialcnt  qusutiiy  of  chlorine.  Ether  eipoEwd  to  a  current  of  the  dry 
fur  a  conaidernble  period,  the  temperature  being  at  Bret  artificially  redu 
yields  a  heavy  oily  product,  baying  the  odor  of  fennel.  This  is  found 
analysis  to  contain  C,tT,Cl(0,  or  ether,  in  whieh  2  eq.  of  chlorine  hare  I 
■abeti(ut«d  for  2  eq.  of  hydrogen.  It  may  be  termed  bichlorinetted  eO 
By  the  further  action  of  chlorine,  aided  by  sunlight,  the  remaining  hTdrOj 
is  remoled,  and  a  white  crystalline  aolid  substance,  oloeel;  resembling  aMl 
cbloride  of  carbon  produced.  This  is  composed  orc,ClaO ;  it  is  oiJlMpa 
ohiorinetted  ether.  In  a  snbstance  called  chlorithiral,  C,H,C10,  aooidat 
Tormed  by  M.  d'Arcet.  in  tho  preparation  of  Dntch-liqiud,  from  the  til 
Tupor  niied  with  the  oleflant  gas,  we  have  evidently  the  first  member  of  i 

Wiih  the  compoiind  ethera,  the  same  remarhable  Inw  is  nsnallj  foUoi 
The  change  is,  however,  often  eompUcuted  by  the  appearance  of  aeooDd 
products.  Thus.  elilorincUtd  actiic  tthtr,  a  dense,  oily  liquid,  very  diSei 
from  common  acetic  ether,  was  found  to  contain  CgHiCl^O,,  being  a  nitilll 
tion-product  of  C,H,Ot  =  C,1lfU,G.II,0,;  and  chloriiulltd  formie  « 
C^llfCl^j.  is  formed,  in  like  manner,  by  the  subadtution  of  2  eq.  ehloriw 
2  eq.  hydrogen  iu  ordinary  form io  ether,  C,H^4  =  C,H,0,C,H0,  * 
remarkable  and  interesting  set  of  compounda,  duo  to  substitution  o) 
tie  formed  by  the  action  of  chlorine  on  chloride  of  ethyl,  or  light  hj 
Tie  utber.  When  the  vapor  of  thi*  subBtacce  is  broaglit  into  ooniaoi  i 
chlorine  gas,  the  two  bodiea  oombiue  to  a  colorleaa  oily  liquid,  vei7 
Dutch-liquid,  but  yot  differing  from  it  in  several  Important  pointsi  It! 
however,  precisely  the  anme  compnaition,  and  its  vapor  has  the  same  dui 
By  the  prolonged  action  of  chlorine  three  other  compounds  are  Bncceaal 
obtained,  each  poorer  in  hydrogen  and  richer  in  chlorine  tbnn  tho  precedi 
the  ultiniBte  product  being  the  wull-known  seaquichloride  of  CBrlion  of 
Faraday. 

Hydrochloric  ether C,H,C1 

Monuchlori netted  hydrochloric  ether.         ....  C^H^CIf 

Bichlori  netted  "  ■' C,H^I, 

Tri  ohiorinetted  "  " f^fi^ 

Quadnehlori netted         "  " CjH  0, 

Benquichluride  of  carbon C^    C^ 
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oonneoted  with  a  good  condenser,  and  heat  is  applied  by  means  of  a  bath  of 
salt  and  water.  Mercaptan  and  water  distil  over  together,  and  are  easily 
separated  by  a  separating  funnel.  The  product  thus  obtained  is  a  colorless, 
limpid  liquid,  of  sp.  gr.  0*842,  but  slightly  soluble  in  water,  easily  miscible, 
on  the  contrary,  with  alcohol.  It  boils  at  97°  (36oC).  The  vapor  of  mer- 
eaptaa  has  a  most  intolerable  odor  of  onions,  which  adheres  to  the  clothes 
and  person  with  great  obstinacy ;  it  is  very  inflammable,  and  bums  with  a 
^blue  flame.  Mercaptan  contains  0^11^82  =  041158,118;  or  alcohol,  having 
milphar  in  the  place  of  oxygen. 

When  brought  into  contact  with  red  oxide  of  mercury,  even  in  the  cold, 
Yiolent  reaction  ensues, ^  water  is  formed,  and  a  white  substance  is  produced, 
■oloble  in  alcohol,  and  separating  from  that  liquid  in  distinct  crystals,  which 
contain  04HgS,  HgS.  This  compound  is  decomposed  by  sulphuretted  hydro- 
gen, sulphide  of  mercury  being  thrown  down,  and  mercaptan  reproduced. 
Bj  adding  solutions  of  the  oxides  of  lead,  copper,  silver,  and  gold,  to  an  al- 
coholic solution  of  mercaptan,  corresponding  compounds  contaiuing  those 
metals  are  formed.  Oaustic  potassa  produces  no  effect  upon  mercaptan,  but 
potHSsium  displaces  hydrogen,  and  gives  rise  to  a  crystallizable  compound 
soluble  in  water. 

Xanthic  acid. — The  elements  of  ether  and  those  of  bisulphide  of  carbon 
combine  in  presence  of  an  alkali  to  a  very  extraordinary  substance,  possess- 
ing the  properties  of  an  oxygen-acid,  to  which  the  name  xanthic  is  applied, 
on  account  of  the  yellow  color  of  one  of  its  most  permanent  and  character- 
istio  salts,  that  with  oxide  of  copper. 

.  Alcohol  of  0-800  sp.  gr.  is  saturated,  whilst  boiling,  with  potassa,  and  into 
tiiis  solution  bisulphide  of  carbon  is  dropped  until  it  ceases  to  be  dissolved,  or 
vntil  the  liquid  loses  its  alkalinity.  The  whole  is  then  cooled  to  0°  ( — 17°*80), 
when,  the  potassa-salt  separates  in  the  form  of  brilliant,  slender,  colorless 
prismB,  which  must  be  quickly  pressed  between  folds  of  bibulous  paper,  and 
dried  in  vacuo.  It  is  freely  soluble  in  water  and  alcohol,  but  insoluble  in 
ether,  and  is  gradually  destroyed  by  exposure  to  air  by  oxidation  of  a  part 
of  the  sulphur.  Hydrated  zanthic  acid  may  be  prepared  by  decomposing  the 
foregoing  compound  by  dilute  sulphuric  or  hydrochloric  acid.  It  is  a  color- 
less, oily  liquid,  heavier  than  water,  of  powerful  and  peculiar  odor,  and  very 
combustible;  it  reddens  litmus-paper,  and  ultimately  bleaches  it.  Exposed  to 
gentle  heat,  it  is  decomposed  into  alcohol  and  bisulphide  of  carbon :  this 
happens  at  a  temperature  of  75°  (23°-8C).  Exposed  to  the  air,  or  kept 
beneath  the  surface  of  water  open  to  the  atmosphere,  it  becomes  covered 
with  a  whitish  crust,  and  is  gradually  destroyed.  The  xanthates  of  the  alka- 
lies and  of  baryta  are  colorless  and  crystallizable ;  the  lime-salt  dries  up  to  a 
gummy  mass;  the  xanthates  of  the  oxides  of  zinc,  lead,  and  mercury  are 
white,  and  but  feebly  soluble,  that  of  copper  is  a  flocculent,  insoluble  suh- 
stance,  of  beautiful  yellow  color. 

Hydrated  xanthic  acid  contains  CjHgS^O,  HO ;  or  041150,0284,110.     In  the 
salts  this  water  is  replaced  by  one  equivalent  of  a  metallic  oxide. 


DBEIVATIVES    OP   ALCOHOL   C(^NTAININO   METALS. 

ZiNO-ETHYL.  —  In  heating  iodide  of  ethyl  with  zinc  in  sealed  glass-tubes 
(see  Compound  Ethers;  Ethyl-theory,  p.  371),  a  white  substance  remains  in 
the  tube,  which  is  a  mixture  of  iodide  of  zinc  and  a  peculiar  volatile  com- 
pound, to  which  Dr.  Frankland  has  given  the  name  zinc-ethyl.    It  may  be  sepa- 

*  '  When  » the  name,  mercuriwn  caulant. 
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nted  tron  llie  nm<Iite  bj  distiUiog  it  in  n  current  of  fajitrofen, 
oblkinad  in  the  form  ot  >  Uqaid  of  ■  ilissgrmble  odor,  which  coctull 
CHtZn,  Id  contact  with  atmoepberic  atr  it  in  an  rapidly  oiidiied  u  to  " 
An.  When  miiwl  with  water  ibii  oompoand  is  tioleolly  deoonpOKd 
•Toitilion  of  a  carbooetted  hjdrosten,  haxing  the  fonnnla  C,II,^C.ifjB 
wbieb  nay  be  viewed  as  the  hydride  of  ethjL  Zinc-etlijl  forma,  with  im 
«xide  of  aitrogen,  a  peculiar  oompound  of  diaitroetbylate  of  line  villi  >itf 
Mhyl  =  ZDO,C,t),N,0^  C.II(Zn.  This  eabstancB  takes  fire  when  ezpoaid  I 
tke  action  of  lie  air;  with  wnler  hydride  of  elbyl  aod  basic  dinitraetfarM 
of  liucare produced.  Dinitroetbjlic  acid,  separated  from  iumliDe  coi  ' 

po«»es«eti  but  very  Jittle  slability.   It  forms  a  ^ries  of  well-defined  at 

Mtion  of  anhydrous  nulphuroos  acid  on  linc-ethyl  giies  rise  to  the  f ^^^ 

of  a  crystalline  eompoand.  whiota  ii  the  tinc-ialt,  of  a  peeuliar  atnd,  eth^ 
trithioDie  acid,  ZDO,C,H,S,Ot,HO  (Sobson). 

Zino-etbyl.  when  treated  with  potassium  or  sodian,  produces  potu 
ethyl  and  lodium-ethyl,  two  bodiea,  which,  in  their  general  cha^acten^  ctoM 
reaemble  sinc-clbyl  (nanlilyn). 

STAicsrrDTL. — A  series  of  substances  haie  been  lately  described  by  F^ 
Und  and  by  Loewig.  which  contain  the  elements  of  ethyl,  associated  with  I 
metal  ^n.  When  iodide  of  ethyl  in  submitted  in  Bpaled  tubes  to  tbe  aelio 
metallic  tin  at  Htemperature  of  3D2°~320°(I5O°'160°C).  iodide  of  Btanne 
C.H.SdI,  is  obtained  in  the  form  of  yellow  crystals,  which  fuse  at  IW 
(42°C)  and  sublime  at  4640  (2J'i°C).  Tbe;  are  easily  soluble  in  alcoholD 
etlier,  but  dlffionllly  soluble  in  water.  The  iodine  of  this  eompoond  nuijl 
readily  separated  by  the  action  of  metals,  such  ss  potassium  and  sine,  whci 
metallic  iodide  is  formed,  stannethyl,  CfH,Sn.  being  liberated  in  the  form  of 
dense,  oily  liqaid,  having  a  sp.  gr.  of  1-66.  Exposed  to  the  actioD  of  Ihli 
mosphere,  stannethyl  absorbs  oxygen,  and  is  conTerted  into  oxide  of  staniel' 
C^HianO,  which  is  an  inodorona  and  tastelesB  powder  of  a  whitish  color.  ' 
tobstaDOe  combines  with  moat  acids,  giving  rise  to  a  series  of  well-cryBtalKilf 
salts,  which  are  soluble  in  water  and  alcohol,  but  diasoWe  only  with  diffied 
in  ether.  As  yet  only  the  followiDg  terms  of  this  series  have  been  aualyH 
by  Franklaiid. 

Stannethyl C.H.Sn 

Glide  ot  stannethyl C,H,SoO 

Chloride  of  stannethyl C^H^nCl 

Bromide  of  Htaonelhyl C,Hj8nBr 

Iodide  of  alannethyl C.H.Snl 

Nltrato  of  stannethyl C^H,anO,N(V 

Beveral  other  analogous  substances  have  been  discovered  by  Loewig: 
actioa  of  an  alloy  of  six  parts  of  tin  with  one  part  of  sodium  on  iodide 
ethyl,  at  the  common  temperature,  gives  rise  to  the  formation  of  a  seriei 
eomponnds,  which  may  be  extracted  from  the  residue  by  means  of  ettaeri ' 
which  are  difficult  to  separate.  This  mixture  is  left  behind,  on  evapora' 
the  ether,  in  the  form  of  a  thick,  oily  liquid,  emitting  dense  fumes  In  eoit 
^ih  the  air.  It  absorbs  oxygen  from  the  atmosphere,  and  becomes  eDnier 
Into  a  miitare  of  oxides,  of  which  oxide  of  stannethyl  constitutes  the  <M 
■part.  They  are  partly  soluble  in  water  and  alcohol,  and  parlly  inaoloble  "' 
ean,  by  means  of  these  soWents,  be  separated  lo  a  oertnin  extent.  They 
arystalliiable  anils  with  tbe  acids.  Loewig  disiinpilshes  the  followiiig  s« 
wme  of  which  exhibit  a  very  nnuHual  ratio  of  compoailion ' — 
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BiaM-KTBTT.. — Tills  BnbBtance  ie  formed  by  (he  action  of  iodide  of  ethy' 
npon  an  alloy  of  bismatli  and  potassium;  from  Uie  residue  it  is  extracted  with 
ether,  It  oonlaioa  BlCHH„  =  Bi3C,Hj.  andforniH  ayellowliqaid  of  1'83  ep- 
gr.,  whicli  poKsessea  a  most  ntinseaus  odor,  and  emits  fnmeii  wbich  inflame 
when  coming  in  contact  with  the  air.  It  cumbiuos  with  oxygen,  chlorine, 
bcomine,  iodine,  unil  with  nitric  acid. 

PLnvBKTHYL, — Tfafl  prodnel  of  the  action  of  iodide  of  ethyl  upon  an  alloy 
of  lead,  and  sodium  is  exhausted  with  ether,  which  dissolves  a  mixture  of  seve- 
ral oomponudB  of  lead  with  ethyl.  On  exposing  the  ethereal  sola^oo  to  tho 
•ir,  a  while  amorphons  powder  ia  obtained,  containing  Pl^C,.n„^Pbj3C,H^ 
This  substance  is  capable  of  forming  salts.  As  yet  only  the  nitrate  (Pb, 
8C4Hg)0,N05,  the  sulphate  (Pb^C,H,]0,80^  and  carbonate  (Pb^C^H.jO.CO,, 
h&ve  been  obtained.  The  nitrate,  decomposed  by  potaaao,  yields  to  ether  the 
by  lira  ted  oxide,  whieh  remains  upon  eTaporation  of  the  ether  as  a  viscid  mass, 
wliicb  gradually  crystallizes.  This  eabstanca  is  easily  soluble  in  water,  alco- 
hol,  and  etber;  the  Bolution  posaessea  a  powerfully  alkaline  reaction. 

By  decomposing  zinc-ethyl  by  chloride  of  lead,  Mr.  Uuoktou  bos  lately  ob- 
tBiced  another  plumbethyl  of  the  formula  PbC,[I,g=Pb2C,H,.  It  is  a  liquid, 
bailing  above  392°  (20O''C),  which  producea  crystalline  salts  with  the  aoida. 

Hydbabqybkthtl. — According  to  Frnnkland,  iodide  of  ethyl  is  readily  at- 
tacked by  mercory.  The  mixture  solidifies  after  some  time  into  a  white  crys- 
talline  mass,  which  is  iodide  of  hydrargyrethyl,  C(Ut^g^.  It  is  insolnble  in 
irater,  soluble  in  alcohol  and  el^er,  readily  fusible,  and  may  be  snbtiined  with- 
oat  decomposition.     There  is  a  corresponding  nitrate  and  chloride  known : — 

Nitrate  of  hydrargyrethyl C,HjHp:,0,NO, 

Chloride  of  hydrargyrethyl C^HiHgjCI 

They  are  both  erystallizable  componnds.  The  action  of  zinc-ethyl  on  chloride 
of  mercury  gives  rise  to  the  formaUon  of  a  liquid  body,  C,H,Hg,  of  sp.  gr. 
2-4,  and  boiling  at  320=  (160=C). 

Phobphethsi.. — The  compounds  of  ethyl  and  phosphoroB  will  be  considered 
ia  the  seation  on  the  organic  bases. 

Stibbtbtl. — Iodide  of  ethyl,  whan  distilled  with  an  alloy  of  antimony  and 
potassium,  yields  a  curious  substance,  wbich  MM.  Lncwig  and  Sohweiter  have 
described  nnder  the  name  of  stibetbyl.     It  contains  SbC,|H„T=Sb  a(C^H,). 

AksebktbtL. — This  substance  is  oht^ned  analogonsly  to  stibetbyl  by  the 
aetjon  of  on  alloy  of  arsenic  and  Bodiom  upon  iodide  of  ethyl.  It  contains 
AbC„H„=As3C,Hs. 

ne  Bball  return  to  this  and  the  preceding  compound,  when  treating  of  (he 
compound  ammonias. 


When  alcohol  and  ether  burn  with  flame  in  free  air,  the  products  of  their 
combnation  arc,  as  with  all  bodies  of  like  chemical  nature,  carbonic  acid  and 
water.  Under  peculiar  circumstances,  however,  these  substances  nndergo 
partial  oxidation,  in  which  the  hydrogen  alone  is  affected,  the  carbon  remain- 
iDg  ontonched.  The  result  is  the  production  of  certain  compounds,  which 
form  a  small  series,  supposed  by  some  chemists  to  contain  a  common  radical, 
lo  which  the  name  acclyl  is  applied.  It  is  derived  from  ethyl  by  the  oxidation 
ud  removal  of  2  eq.  of  hydrogen. 

Tabic  of  Aatsl-Compounds. 

Acetyl  (symbol  Ac) C,II, 

Oxide  of  acetyl  (unknown)            ,          .                    .          .     C.H.O 
~   "           'oxide  of  acetyl;  aldehyde  ....     CjH.O.HO 
icid  ;  aldebydic  acid Cjll,(.),,IIO 
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Acetyl  vtA  it!  protexiile  are  nliks  hypntlietle*! 

Ai.DNMYnc,  C,il,(), or  AcO.lIO,— Tliia  suUlnnMia  rormiH].  no  ulrHdjru 

1 6«r'i.  ninoDg  niher  proUucU.  oheD  Iho  vapor  of  nrhcr  or  alonhal  b  tnlimiiRtl 

I  (hruuigb  ■  red-hot  tube:  nltio,  b;  Ibi  nclion  of  chlarina  on  rr^nk  ■leoUal.    It 

[■fc  bcBt  prepnred  by  tlie  folloning  prooeai: — (1  pwla  of  nil  iif  vitriril  art  inluli 

L^tli  4  p&rts  of  TcotiBcd  spirit  of  wiae,  auil  4  pxrls  uf  nnli>i','  ihia 

[fourcd  upon  6  parts  of  powdered  binoiide  of  iiiaiigiineH(>.  ooiitnin 

tjNMiuaa  retort,  in   ennneolian  with  a  condenMr.  ooolod   by  iec" 

F  Senile  heat  ia  applied  ;  and  vhcn  aii  parts  of  liquid  bare  pAneed  OTarllw  M 

'   «eai  is  interrupted.     The  diatliled  pmlact  la  pat  into  n  sninll  retort,  wlttl 

awn  wciKbl  of  ohloridu  of  oaloiuni,  sod  redisllllod :  (his  opemtioa  Is  r«MMU 

Ihe  aldehyde,  Htill  retaining  alcohol  and  other  impuritioR,  is  mixed  wilb  1*1 

''  ha  Toluine  of  ether,  and  saturated  wilb  dry  ammoiilaoal  gas;  a  Brpta"' 

t  aompDund  of  aldehyde  and  ammonia  aepnmteB,  wbiob  may  be  waiihMwi 

I  Bttle  ether,  and  dried  in  tlio  air.     Prom  this  aubiitanae  the  aldehyde  mjrl 

I  sepnrated  by  distillation  iu  a  wntet^bath,  with  enlphnrie  aoid,  diluted  witbi 

I  aqual  quantity  uf  water:  by  oarcful  rectifienliun  Ihiin  chloride  of  saielim' 

I  ft  temperature  not  exceeding  87"  (SOoQC),  it  in  obtained  pure  and  antnd 

An  intereating  formntion  of  aldehyde  will  bo  mentioned  under  the  £« 

brmio  acid. 

,       Aldehyde'  is  a  limpid,  colorless  liquid,  of  oharacterigtio  ethoraal  o(lor.  n 

when  BlroDg,  ia  eioeudiugly  auQboatinR.     It  has  a  donsi^  of  O'TQO,  Ixall': 

72"  (22'>>8C),  and  miiea  in  all  proportions  with  water,  alcohol,  and  elhwf 

is  neutral  to  test-paper,  but  aoquires  acidity  on  exposure  to  air,  from  thtft 

duotiun  of  acetic  acid;  under  the  inSiience  of  platinum-blaok  this  obal 

Tery  speedy.      Whan    a   solution    of  this  compound    la    heated  with  ti 

polassa,  a  remarkahle  brown  reiiin-like  aubsUtaae  ia  produced,  the  aiH. 

aldihyiU-riiia.     Oently  heated  villi  protoxide  of  silTer,  it  reducca  ths  IM 

without  orolulion  of  gae,  the  metal  being  dnpoaited  on  tho  inner  torhM  ( 

thoTeaael  ae  a  brilliant  and  uniform  film  j  tho  liquid  oontains  aldohydaMI 

When  treated  with  hydrocyanic  acid,  aldehyde  ylelda  a  BnbatODM  mS 
alanint,  which  was  already  noticed,  when  treating  of  laotio  noid,  and  wbl 
will  be  described  moro  in  detail  in  the  aectlon  on  Tegeto-alkalies,  underl 
head  of  tuiHsa  from  aldehyde. 

The  action  of  sulphuretted  hydrogen  upon  the  ammouia-compoQIKi  ^ 
riee  to  the  formation  of  (hialdini,  noticed  llkewiao  under  the  head  of  bawatf 
aldehyde. 

The  ammoniaKiompound  abova  mentioned  forma  transparent,  cntorlevcr 
tals,  of  great  beauty  i  it  hna  a  mixed  odor  of  ammonia  and  turpeiitina:  ItJ 
wives  very  easily  in  water,  with  less  facility  in  alcohol,  and  with  diffieullj 
ether:  it  melts  at  about  170°  (TO^C),  and  diatila  unchauRcd  nl  2ia»  (]0<W 
Acida  decompoao  it.  with  production  of  an  ammoiilncal  salt  and  aeparallaa ' 
aldehyde.     The  crystnlB,  which  are  apt  to  become  yellow,  and  lose  tlieir  lu 


■n  C.H, 


■Si. 


NH,. 


When  pure  aldehyde  ia  long  preaerved  in  a  oloaely-itopped  vessel,  It  ft  »W 
times  found  to  undergo  spontaneous  chaiige  into  one,  and  even  two  iWiM 
modifioations,  dilTering  ooiiipleloty  in  propertiea  A'om  tho  original  mmpoH) 
In  a  apeoimen  kept  some  weeks  at  82°  (0°C),  ttJinnparent  aelcular  crjtli 
were  observed  lo  form  in  considerable  quantity,  which,  at  a  tenipemtuK  HI 
exceeding  ihatof  the  froaiing-point  of  water,  melted  loacolorlew  liqoi^  B 
cible  with  water,  alcohol,  and  ether;  a  few  crystals  remained,  which  WibMl 
without  fusion,  and  were  probably  composed  of  the  second  luhxlnner  Tl 
new  body  received  the  name  ilaldehyde;  it  wao  found  to  be  identical  in «• 
L  .poaition  with  aldehyde,  but  to  difTer  in  piopcrtiea  and  iu  [Uu  deiialty  «"l 
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Tapor;  the  latter  hfta  a  sp.  gr.  of  4'616,  while  that  of  aldehyde  is  only  1-532, 
or  one-third  of  that  number.  It  refuees  to  combine  nith  ammonia,  is  uot  ren- 
dered brown  by  putae^a,  and  is  bat  little  oSvoted  by  aulatioQ  of  silver. 

The  second  jnodifioation,  or  metaldehyde,  is  aometimes  produced  in  pure  aide- 
byde,  kept  at  the  common  temperature  of  the  sir,  even  in  bormctioalty-sealed 
tubes:  the  conditions  of  its  formatioDaro  uukDown.  It  forms  colorless,  trans- 
parent,  prismalio  crystals,  which  sublime  without  fuaioa  at  a  tempenttnre 
alMie  212°  (10()°CJ,  and  are  soluble  in  alcohol  and  ether,  but  not  in  water. 
Thej  aUo  were  found,  by  UDalysis,  to  havo  tbe  same  composition  oa  aldohyilD. 
The  substance  which  we  have  described  by  the  terra  of  chloral  may  be  viewed 
as  bichlori netted  aldehyde. 

Aldkhtdio  acid.  C4HjO,HO. — When  solution  of  aldehydate  of  ailvar, 
obtained  by  digesting  oiida  of  silter  in  pjoesB  with  alhehydo,  is  precipitated 
by  Bulphutctted  hydrogeo,  an  acid  liquid  is  obtained,  which  ncutraliies  alka- 
lies, and  combinoB  with  the  oxides  of  the  metals.  It  is  very  easily  decom- 
posed. Aldehydate  of  silver,  miied  with  baryta-water,  gives  rise  to  aldehy- 
date of  baryta  and  oxide  of  silver :  if  this  precipitate  be  heated  in  the  liquid, 
tbe  metal  is  reduced,  and  neutral  acetate  of  baryta  formed ;  whence  it  is 
inferred  that  the  new  acid  contains  the  elements  of  ocetio  acid,  minui  au 
equivalent  of  oxygen, 

AoBTAl.  —  This  substance  is  one  of  the  products  of  the  slovr  oiidadon  of 
ilcohol-vapor  under  the  influenne  of  platinum-black.  Spirit  of  wine  is  poured 
Uito  a  large,  tall,  glass  jar,  to  the  depth  of  about  an  inch,  and  a  shallow  oap- 
HUle,  oontaiuiug  sUghtly-moiateoed  platinum-black,  arranged  above  the  surface 
of  the  liquid  ;  the  jar  is  loosely  covered  by  a  glass  plate,  and  left  during  two 
or  three  weeka  in  a  warm  situation.  At  the  expiration  of  that  period  tbe 
liquid  is  found  highly  acid;  it  ia  1o  be  neutralized  with  carbonate  of  potaaaa, 
as  muah  chloride  of  calcinra  added  as  the  liquid  wilt  dissolve,  and  the  whole 
Bubjectod  to  distillalioD,  the  first  fourth  only  being  collected.  Fused  chloride 
nt  oalcium  added  (o  the  distilled  product  now  throws  up  a  light  oily  liquid, 
which  ia  a.  mixture  of  acetol  with  alcohol,  aldehyde,  and  acetic  ether.  By 
fresh  treatment  with  ohiondo  of  calcium,  and  long  exposure  to  gentle  heat  id 
ft  retort,  the  aldehyde  is  expelled.  The  acetic  ether  is  destroyed  by  caustic 
potassa.  and  tie  alcohol  removed  by  washing  with  water,  after  which  the 
aactal  is  agitin  digested  with  fused  chloride  of  calcium,  and  redistilled. 

Pure  acetal  is  a  thin,  colorless  fluid,  of  agreeable  ethereal  odor,  of  sp.  gr. 
0'a21  at  72"  f22°-2C),  Bndboiiingat220''(104°C),  It  is  soluble  in  18  parts 
of  vrater,  and  miscible  in  all  proportions  with  alcohol  and  ether.  It  is  uD- 
Bhauged  ID  the  air;  but,  under  the  influence  of  platinum-black,  becomes 
eonvurted  into  aldehyde,  and  eventually  into  acetic  acid. 
]!Iitrio  and  chromic  acids  produce  a  similar  efl'ect.  Strong 
boiling  solution  of  potasaabas  no  action  on  this  substance. 
Aeetal  contains  C„tI,tO„  or  the  elements  of  2  eq.  ether 
and  1  eq.  aldehyde,  CuH„0,==  2C,H,0-|- C.H^O^  See 
also  farther  on,  ethylene-aleohol,  glycol. 

When  a  coil  of  line  platinum  wire  is  heated  to  redness, 
and  plunged  into  a  mixture  of  ether,  or  aloohol-vapor, 
and  atmospherio  air,  it  determines  upon  its  surface  the 
partial  combustion  of  tbe  former,  and  gives  rise  to  an 
exoessively  pungent  acrid  vapor,  which  may  be  condensed 
to  a  colorless  liquid  by  suitable  means.  The  heat  evolved 
ia  the  act  of  oudation  is  sufficient  -   -  .      . 

an  incandescent  state.     The  expet 
putlinga  little  etherinto  an  ale-gli 


Fig.  ISS. 


ent  may  be  made  by 
and  suspending  over 
by  slipping  the  coil 

at  tlie  greater  part  may  be  raised  abovt 
lamp  is  supplied  with  ether  or  spirit  ol'  wiuc,  lighted  for  a 


t  the  healed  spirn!  from  a  card 
ir  the  wick  of  ■  ■   ' 
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TOfiinwit,  and  thm  blown  out.  The  ooil  oontinnea  to  glow  in  the  loiicd'  t\M- 
iphcro  of  air  and  oombuxlible  in[ior,  nnlil  the  etber  ig  eihauBtpd.  Tliis  is  Ai 
lamp  mlkoatfiamt  of  Sir  U.  Davy,  A  bnll  of  spongy  plntinuin  may  be  anWi- 
tated  for  the  ooil  of  wire.     Tb«  condensed  liquid  containa  aoetia  and  fond* 

I  Acids,  with  aldehjdio  loid. 
'.  AcBTio  ACID.  —  Pare  alcohol,  eiposed  to  the  air,  or  throwD  into  a  Tea 
|of  OKjrgoD  giK,  fftits  to  suffer  the  sligbteat  change  by  oiiitation  :  when  dilnl 
■  irith  water,  it  romaina  also  nnnffected.  If,  on  the  other  hand,  spirit  of  iri 
be  dropped  apou  dry  platinum-black,  the  oiyfen  eondensed  ioto  the  porul 
<  the  latter  reacts  ao  powerfully  upon  the  aloohol  as  to  cause  its  instant  infil 
iDHtion.  When  the  spirit  is  mixed  with  a  little  wster.  and  slowly  dropped  a\ 
the  Hnelj-divided  metal,  oxidatioa  still  takes  place,  but  with  leaa  energy,  a 
'  Taper  of  acetic  acid  is  abundantly  evolved.  It  is  almost  unQeeessat^  to  li 
.  that  Ibe  platinum  itself  undergoca  do  change  in  this  experiment. 
Dilute  nlcoliol,  miied  with  a  little  yeaat,  or  almost  any  azoliied  area 
mmter,  siifoepCible  of  putrefaction,  and  exposed  to  the  air,  speedily  b' 
oiidiied  to  acetic  acid.  Acetic  acid  is  thus  maDufaciured  in  QemuiyJ 
I  aaffering  nnch  a  mixture  to  flow  over  wood'abaTinga,  steeped  ia  a  Httle  ^ 
gar,  contaiDed  iu  a  large  cylindrical  vesBel,  through  which  a  carrent  of  li  , 
made  I.  pass.  The  greally-eitended  surface  of  Ibo  liquid  eipedileil 
change,  which  is  completed  in  a  few  bonra.     No  carbonic  a  ' '  '  '      * 

this  reaction. 

The  beat  vinegar  is  made  from  wine  by  BpontaoeonB  ncidifioatioD ,_ 

tlally-filled  cask  to  which  the  air  has  access.     Vitiogar  is  first  iDtroducedifl 
tiie  empty  Toasel,  and  a  cjuantity  of  wine  added;  af1«r  soma  days  a  w 
portion  of  wine  ia  poured  in,  and  after  similar  intervals  a  third  and  ■  ' 
When  the  whole  has  become  vinegar,  a  quantity  is  drawn  off  equal  to 

■  the  wine  employed,  and  the  process  is  recommenced.  The  tomperalura  oTI 
building  ia  kept  up  to  BG"  (SIPG).  Buch  is  the  plan  adopted  at  OrIeaDe.1 
England  vinegar  is  prepared  from  a  kind  of  beer  made  for  the  purposg.  { 
liquor  is  eipoaed  to  the  air  in  half-empty  casks,  loosely  stopped,  UDtil  Mil 
cation  is  eompletc.  Freig neatly  a  little  salphuric  acid  is  afterwards adJli 
with  a  view  of  checking  further  decompositioo,  or  mothering,  by  wbioh  ikt 
product  would  be  spoiled. 

There  ia  another  aource  of  aeetio  acid  besides  the  oxidation  of  alcolidl 
when  dry,  hard  wood,  aa  oak  and  beech,  is  sulyccted  to  destructive  distiihktiM 
at  a  red-heat,  noetic  acid  ia  found  among  the  liquid  condenaabte  prodneU  < 
the  operation.  The  distillation  is  conducted  in  an  iron  cylinder  of  1st 
dimensions,  to  which  a  worm  or  uondenaer  is  attached ;  s  sour  watery  liqH 
a  quantity  uf  tar,  and  much  infiammable  gas  pass  over,  while  oborcosi  of  4 
OoUent  quality  remains  in  the  retort.  The  acid  liquid  is  subjected  to  diitiO 
tion,  the  Grat  portion  being  oollected  apart  for  the  sake  of  a  pecnliif  tdIiII 
body,  shortly  to  be  described,  which  it  contains.  The  remainder  ia  salntaH 
with  lime,  concentrated  by  evaporation,  and  mixed  with  solution  of  snlpliil 
of  soda;  sulphate  of  lime  precipitates,  while  the  acetic  acid  is  traosfeTTedl 
the  suda.  The  filtered  solution  is  evaporated  to  its  crystalliiing-pr 
cryntala  are  drained  as  much  as  possible  from  the  dark,  tarry  matbeF-UqU 
and  deprived  by  heat  of  their  combined  water.  The  dry  salt  is  (heo  ««ltlo 
fused  by  which  the  last  portions  of  tar  are  decomposed  or  expelled;  itiS' 
redissolved  in  water,  and  recrystalliied.  Pure  acetate  of  soda,  thus  abUi 
readily  yields  hydrated  acetic  acid  by  diatillation  with  sulphurio  acid. 

The  BCrongest  acetic  acid  is  prepared  by  distilling  Gncly-powdered  ■*)( 

drous  acetate  of  soda  with  three  times  its  weight  of  concentrated  oil  otvjliibl 

Theliquidispuriflodbyreetification  from  sulphate  of  soda,  amidonlaHj  til  -^^^^^ 

d  then  exposed  to  a  low  temperature.   Crystals  of  hydrate  of  acMl 

n  large  quantity,  which  ma;  bo  drained  from  the  weaker  Buid  pi 

I  BomH^  Chlmbi  appllqufii 
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ftnd  tlien  goffered  to  melt.  Below  60°  (15°'5C)  this  Bubstance  forms  krge, 
eolorleas,  transparent  crystals,  which  aboye  ihnt  temperfitiire  fuse  to  a  tliin, 
oolorlssB  liqaid,  of  eiceedingly  pungent  nnil  well-known  odor  ;  it  raises  Mis- 
ters on  the  skin.  It  is  misclble  iti  all  propgrtlDiiB  with  water,  alcohol,  and 
ether,  and  diasoWes  caraphor  and  several  resine.  Wheo  diluted  it  has  a  plea- 
aoiit  acid  taste.  The  hydrate  of  ai;^tic  aeid  in  the  liquid  condition  has  a  den- 
nty  of  l-0ti3,  and  boils  at  210°  (IIS^CJ ;  its  vapor  is  inflamniable.  Acetio 
a/aid  forms  n  great  number  of  eiaeediagly  important  salts,  all  of  which  arf 
solable  in  water;  the  acetates  of  siWer  and  mercury  are  the  least  soluble. 

Dilate  acetic  acid,  or  distilled  vinegar,  used  in  pharmacy,  should  always  be 
oaref ully  eiamioed  far  copper  and  lead :  these  impurities  itre  cuntmctei)  from 
the  metallic  vessel  or  condenser  somelimea  employed  in  the  process.  The 
Htrengtb  of  any  sample  of  acetio  acid  c^anot  be  safely  inferred  from  its  den- 
sity, but  is  easily  delermioed  by  observing  the  quantity  of  dry  carbonate  of 
Boda  necessary  to  saturate  a  known  weight  of  the  liquid.' 

The  hydrate  of  acetic  acid  conlains  C(H,Os,UO=AcO^HO:  it  is  formed 
from  alcohol  by  the  substitution  of  2  eq.  of  oxygen  for  2  eq.  of  hyilrogoa. 
The  water  is  basic,  and  can  be  replaced  by  metallic  oxides.  Dr.  WilliameoD 
assumes  in  acetic  acid  a  peculiar  radical,  wliich  he  terms  othyl,  0^11,0,,  i.  t,, 
ethyl  in  which  2  eq.  of  hydrogen  are  replaced  by  2  eq.  of  oxygen.  The  con- 
Btitution  of  acetic  acid  thus  becomes  analogoua  to  that  of  bensoio  acid  in  which 
Jiiebig  and  Wiihier  assume  a  peculiar  radical,  benzoyl,  CifHgOf.  See  the 
article  on  tliia  substance. 


This  »iew  is  supported  by  the  esiatence  of  several  bodies  which  may  be 
OODBidered  as  othyl-compouuds.  The  most  remarkable  of  these  substances  is 
the  ehloridt  of  olhgl,  discovered  by  M.  Gerbardt.  Tbis  compooud,  C^HjO/Jl, 
Wbtch  is  also  often  called  chloride  of  acetyl,  is  formed  by  the  action  of  ponta- 
ohloride  of  phospliorus  upon  the  pure  hydrate  of  acetic  acid, 


C,H,0„  HO     -f.     PCI,     =    C,H,0,CI    -}-     PCI  A 


HCl. 


J  readily,  by  distilling  a 


soda  with  oiychloride  of  phos- 


a(NaO,C4H,0»)     -f    PCijO,      =   3CjHjO,Cl     -(-    8NaO,POa, 


Chloride  of  otbyl  is  a  colorless  liquid,  of  suffocating  odor.  It  fumes  in  con- 
tMlwitb  moist  air.  The  boiling  point  is  181°  {6hfC).  It  is  heavier  thsD 
WKter,  with  the  elements  of  which  it  produces  acetic  and  hydrochloric  acids. 

A  different  view  regarding  the  constitution  of  acetio  acid  has  been  proposed 
hj  Prof.  Solbe;  it  is  cliieQy  based  upon  the  remarkable  decomposition  which 
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tectio  acid  nndtrfpHti  irhea  nibinitteil  to  Ihe  aetioo  of  the  p 

We  Hhill  return  lo  ibU  «uhj<*(it  when  Bpeakiog  of  Tileric  acid. 

M,  Oerbordt  hu  luloljr  made  the  reiiutrksble  diBCorerj  tliat 

Mu/,  the  BDbstiuice  C,H,0(,  iniy  be  ubuiDid  bj  ■  pioeete  wliidj „ 

Applicability  for  tbe  iDorauoD  ot  the  sohydroiu  aciila.     AubjidrBOi  teeHa  edl 
«■;  be  obtained  b;  the  actioii  of  ehlciride  of  othyl  upao  ilr;  aMtats  of  wdk 

K»O.C,B,0»    +     C,H,(v:i  =  Saa    +   2C,B,0„ 


soda.  ofotb;!.  ftce tic  acid. 

There  it  Another  method  of  procaring  thiB  compound  which  deie 
mentioned,  >b  it  ia  tbe  only  one  by  wbicb  anhydrous  scetic  acid  wsa 
obtained. 

In  one  of  the  mibeetgnent  ehiplers  a  enbebuice  wiD  be  deecribed 

name  of  chloride  of  benioyl.  wbicb  may  be  viewed  as  the  chloride  of  tin 

eal  of  beuioic  acid.     If  tbia  body  be  heated  with  anbydroua  accUte  of  i 

I  m  Urely  reaction  etunes,  and  anhydrouB  aceiio  acid  dietiW  oTer,  while  • 

I  lore  of  chloride  of  eodiam  and  benioats  of  soda  remaios  in  the  lelort. 

2(NaO,C,H,0,)   +   C„H,0/;i  =  NaCl  +  .f^OXyHjO,  +   2(C4H/^ 
"AceiaiTo?^        ChioridTof^   ChlOTT^of       Benioate  cf        Anhjdnia 


Soda. 


BenioyL  Sodinin. 


Soda. 


ADhydroDB  acetic  acid  ia  a  heavy  oil  which  combines  ooly  slowly  witli  wi 
^ving  Hm  to  Ihe  formation  of  ordinary  bydrated  aceUc  acid. 

AciTAtB  OF  FOTABSA,  EO.CjIJgOr  —  ThiB  ult  CTygtallizeB  with  gie»t  J 
eulty;  it  is  generully  met  with  as  a  fulial«d,  white,  cryataHine  maae,  obti 
by  oCDtraliiing  carbonate  of  potassa  by  acetic  acid,  evaporating 
■nd  beating  the  salt  lo  fuaion.  Tbe  acetate  is  eitremely  deliqi 
•oluble  in  water  and  alcohol ;  the  eolution  is  asually  allialino  froin  a  little '. 
of  acid  by  the  heat  to  wliich  it  baa  been  sabjecled.  From  Ibe  alooholie  M 
tion,  carbonate  of  potiiasa  is  thrown  down  by  a  stream  of  carbonic  at^d. 

AoKTATi  or  souA,  NnO,C,H,0,-|-  eHO— Tbe  mode  of  preparation  of  II 
(alt  on  the  large  scale  has  been  already  described  ;  it  forms  large,  tranaputl 
colorless  orystals,  derived  from  a  rhombic  prism,  which  are  easily  rendv 
anhydrous  by  beat,  elBorcsce  in  dry  air,  and  dixsolve  in  3  parts  of  eold.  % 
In  an  equal  weight  of  hut  nuter,  —  it  is  also  soluble  in  alcohol.  The  taste  i 
this  substance  is  cooling  and  saline.  The  dry  salt  nndergoee  the  ignto 
fiuion  at  6fl0°  (287''-8C),  and  begins  to  decompose  at  600"  [SlB'-'fiCl. 

AoNTATRorAHKoniAj  BriaiT  Or  MiNDEBERDs  J  NH.O,C^H,0^.  — Tbe  M 
tral  solution  obtained  by  saturating  strong  acetic  acid  by  carbonate  of  aaH 
oia  cannot  bo  evaporated  without  becomiug  acid  from  lose  of  baae :  lbs  M 

EassvB  off  in  large  quantity  with  Ihe  vapor  of  water,   Solid  acetate  of  amniN 
I  beat  prepared  by  distilling  a  mixture  of  equal  part«  acetate  of  lime  and  fv 
dered  Bal-ammoiiiac  ;  chloride  of  calcium  remains  in  the  retort,     A  ealirati 
■olutlon  of  the  solid  salt  in  hot  nater,  suffered  slowly  to  cool  in  a  eIo«e  wm 
depoiilt*  long  slender  crystals,  which  deliquesce  in  the  air. 
_  AoiETOKiTaii.il.  —  Aaetalo  of  ammonia  when  distilled  with  auhydrost  pbi 
Ic  acid,  loses  i  eq,  of  water,  being  converted  into  a  colorless  liquid,  dil 
!y  Bolublein  water,  ofan  aromatic  odor,  and  boiling  at  170°  (T7°C),  nUi 
J  received  tbe  name  of  autanitrBi.     When  boiled  with  acids  or  alkalies 
^tlmihtes  tbe  4  eq.  of  water,  being  converted  again  into  aretio  acid  uC 
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witli  anhydrona  phoBphoric  acid.  It  is  likewise  obtained  by  a  poifeotly  differ- 
ent procesi>.  vtljiuli  will  be  dc^cribeJ  wliea  treating  of  tbo  tnotbjl  compouDda. 
(Seo  oysnlde  of  methyl,  page  402]. 

The  ncelales  of  Cimt,  baryta,  and  ilranlia,  nre  very  soluble,  nnd  can  be  pro- 
tniTBiI  in  grystala ;  acetute  of  nttgnenia  arystalliifa  with  difficulty. 

AoBlATB  OF  ALDMisi.  — Thia  Salt  ia  very  aoluble  in  water,  anil  driea  np  in 
the  vaouum  of  the  air-pnmp  to  a  gnmmy  mass  without  troue  of  cryEtalliiatiou. 
If  foreign  salts  be  present,  t!ie  solution  of  tliu  acutate  becnmea  turbid  on  beat- 
ing, from  the  scptimtioii  of  a  ba^ic  compound,  which  redisaolTCs  as  the  liqniit 
CDUla.  Acetate  of  nlamina  is  mnch  employed  in  calico  printing ;  it  is  prepared, 
in  combination  with  the  alkaline  base  of  the  alum,  by  niiiing  aolutiona  of  ace- 
tate of  lead  nmt  alum,  aud  liltering  from  the  inaolnble  snlphale  of  lead.  The 
liquid  is  thickened  with  gum  or  other  suitable  materia),  and  witb  it  the  deaiga 
is  impresacil  upon  the  cloth  by  a  wood-blook,  or  by  other  meana.  Espoaure 
to  a  moderatfl  degree  of  heat  drirca  oS  the  acetic  acid,  and  leaves  the  alumina 
in  a  state  capable  of  entering  into  combination  with  the  dye-stitfT. 

Some  very  interesting  researches  on  ooetate  of  alumina  hare  beeu  publiahed 
by  Wr.  W.  Crum.i 

Tbe  solution  obtained  by  decomposing  sulphate  of  alumina  A1,0,3S0,  by 
aoetSite  of  lead  may  be  supposed  to  contaiu  the  ueutml  acetate  of  alutoina 
Al,0,3C,[I|0r  This  salt  cuunot,  honover,  be  obtained  in  the  dry  state.  If 
the  BOlulJon  ba  rapidly  evaporated  at  low  temperatures,  by  being  spread  in 
thin  layers  on  glass  or  porcelain,  a  basio  aoiubli  aeetate  ia  obtained,  having 
tbe  Gompositiou  AliO,2C,EI,Oi-|-  4H0,  but  if  the  sDlntioa  be  left  to  stand,  or 
Bubmitted  Co  the  octdon  of  heat,  iniolubU  basio  salts  are  precipitated,  differing 
ia  composition  from  the  former  only  by  containing  inateod  of  4  eq.  of  water 
eitber  2  or  6  eq. 

The  soluble  aoetate  of  alumina,  when  exposed  in  a  dilute  solution  to  the 
temperaloro  of  boiling-water  for  several  days,  undergoes  a  very  remarkable 
ebange.  The  whole,  or  nearly  the  whale,  of  the  aoetic  acid,  is  expelled  by 
the  acUon  of  lieat,  and  a  peculiar  allolropio  modification  of  alumina  remains 
in  solution.  At  the  temperature  of  boiling-water  thia  alumina  retains  2  eq. 
of  water;  it  entirely  redimilvei  in  tealer.  The  soluble  moditication  of  alumina  is 
inBlantancooaly  coiigulatad,  that  ia,  reconverted  into  the  insoluble  modification, 
by  mineral  and  vegetable  acids,  by  tho  alkalies,  and  by  a  great  number  of  salts. 
Aettate  n/maiiganeu  forms  culorleaa.  rhombic,  priamatlc  cryatala,  permanent 
in  tbe  air.  Aeetate  a/ j/mtoxide  of  iron  crystallizes  in  small,  greenish-white 
needles,  very  prone  to  oxidation  ;  both  salts  dtssolvo  freely  in  water.  Acelalt 
of  tttgaioxidt  of  iron  ia  a  dork-hrowniah  red,  uncrystallizable  liquid,  of  powei^ 
fill  oBtringBut  taate.  Acetate  of  eoball  forms  a  violet-colored,  oryatalline,  deli- 
queiraent  mass.  The  nickel-ialc  scparatea  in  green  crystals,  which  dissolve  in 
6  parts  of  water. 

ACBTATB  or  LBAD,  PfaO,C4H,0,-f-  BHO.— This  important  salt  ia  prepared  on 
a  large  scale  by  dissolving  litharge  in  acetic  acid;  it  may  be  obtained  in  co- 
lorless, trunapiirent  priamatlc  crystals,  but  is  generally  met  with  in  commerce 
as  a  confuaedly  crystalline  mass,  somewbat  resembling  loaf-sugar.  From  thia 
oircum stance,  and  from  its  sweet  taste,  it  ia  often  called  ju^or  a/' lemJ.  The 
oryHt-als  are  soluble  in  about  1^  part  of  cold  water,  effloresce  in  dry  ur,  and 
malt  when  gently  heated  in  their  water  of  crystallization  ;  tbe  latter  ia  easily 
driven  off,  and  the  anhydrous  salt  obtained,  which  suffers  the  igneous  fusion, 
and  afterwards  decomposes,  at  a  high  temperature.  Aoetate  of  lead  is  soluble 
in  alcohol.  The  watery  solution  has  an  intonaely  sweet,  and  at  the  same  time 
astringent  taste,  and  is  not  precipitated  by  ammonia.  It  ia  an  article  of  great 
talne  to  the  chemist. 

Basio  ackt*tbs  (a db- acetates)  or  i,B.KD.-~Srsqui-batie  acetate  is  prodnced 
Vhen  the  neutral  anhydrous  salt  is  so  for  decooiposod  by  heat  as  to  beoouM 


1 

mncli  bigM 


3M  ACETATE    OF    OXIDE    OS    BTHYIi, 

eonferted  into  a  porous  white  mnss,  deoompasable  onlj  a1 
porature.  It  ia  eolublo  ill  water,  and  Bepitruteg  from  the  ealudod  crapl 
to  a  sjvupy  ooiisistence  in  the  form  of  erjslnlline  scalsB.  It  aonlsiaaJ 
SCfl^fOj.  A  aub-iicetate  with  3  eq.  of  blue  is  obtainod  b;  digesting  an 
darate  heat  T  pftrtB  of  flaely-powdered  litharge,  6  parts  of  acetate  of  lii 
80  parts  of  water.  Or,  h?  mixing  a  oold  Batarated  aolotion  of  neutridl 
witii  a  fiftb  of  its  lolume  of  caagtia  ammonia,  and  leaving  the  whole  soJ 
ill  B  covered  lessel ;  the  salt  »epiirateB  in  minale  needles,  wbiob  nonti^ 
C,H,0,  -|-  HO.  The  solution  of  aob-acetate  prepared  bj  the  first  md 
kuowu  ill  pharmacy  under  the  name  of  Qouiard  tuater.  A  third  Rutr 
exists,  farmed  by  adding  a  great  eicoBB  of  ammonia  to  a  soludon  of 
of  lead,  or  by  digesting  aoctota  of  load  with  a  large  quantity  of  oiidc 
a  white,  slightly  oryslalline  subiilance,  insoluble  in  eold,  and  but  Iittl« 
in  boiling  water.  It  oonUios  ePbCC^HgO,.  The  solntionH  of  the  snb-i 
of  lead  haie  a  strong  alkaline  reaotion,  and  absorb  carbonio  aiiid  1 
greatest  aridity,  beooming  turbid  from  the  precipitation  of  bnaio  carbi 
AoaiArs  o»  ooPPEa.— The  neutral  acetate,  CuO,C(il,0,+  HO,  iin 
by  disBolving  verdigra  in  hot  acetic  acid,  and  leaving  the  filtered  am 
cooL  It  forma  beautiful  dark-greon  crystals,  which  dissolve  in  14] 
cold  and  5  parts  of  bailing  water,  and  are  alao  soluble  in  alcohoL  A. 
of  this  Bait,  mixed  with  sugar  and  heated,  yields  snboiide  of  ccppq 
form  of  minute  red  octahedral  crystala:  the  residual  copper  Boladt 

Erecipitated  by  an  oiliali.  Acetate  of  copper  furnishes,  by  deslmotil 
ition,  strong  acetic  acid,  containing  acetone,  and  contaminated  with 
The  Bolt  ia  sometimea  called  distilled  verdigTw,  and  is  used  as  a  pigmei 

BAiio  A(;ETAtKa  (stfB-AOKTA'riis )  OF  ooPFEB.  —  Common  lerdigru 
by  spreading  the  marc  of  grapes  upon  plates  of  copper  exposed  to  ihH 
ring  eeteral  weeks,  or  by  snbBtitnting  with  the  same  view,  pieces  j 
dipped  in  crude  acetic  acid,  is  a  mixture  of  several  basic  acetates  on 
which  have  a  green  or  blue  color.  One  of  these,  3CuO,2C,R,Oj4.  (JHQ 
tained  by  digesting  the  powdered  verdigris  in  warm  wat^r,  and  lean 
soluble  part  to  spontaneous  evaporation.  It  forms  a  bine,  crystalliq 
but  little  soluble  in  odd  water.  When  boiled,  it  deposits  a  brown  j 
which  is  a  subsslt  with  large  excess  of  base.  The  greea  insolable  tm 
the  verdigris  contains  SCuO.C^HjO,  -|-  SHO  ;  it  may  be  formed  by  A 
neutral  acetate  of  copper  with  the  hydrated  oxide.  By  ebullition  wn 
it  la  resolved  into  neutral  acetate  and  the  brown  sub-Bolt.  J 

AcETiTi  OF  SII.VKR,  AgO.C^HgOg,  is  obtained  by  mixing  acetate  on 
with  nitrate  of  silver,  and  washing  the  precipitate  with  cold  water  Ua 
the  nitrate  of  potassa.  It  crystallizes  (rem  a  warm  solution  in  email  j 
needles,  which  hsve  but  little  solubility  in  the  cold.  4 

Acelati  of  luboxids  of  mercury  forms  small  scaly  crystals,  which  are  ■ 
soluble  as  those  of  acetate  of  silver.  The  salt  of  the  Ttd  oxide  ofmtrm 
solves  wili  facility.  1 

Acetate  of  oxidb  of  ethtl;  aoetio  ktheb;  AeO,C,HjO^ — AoM 
is  conveniently  made  by  heating  together  in  a  retort  3  parts  of  acetaH 
taasa,  8  parts  of  Btroog  alcohol,  and  2  of  oil  of  vitriol.  The  dislilledl 
is  mixed  with  water,  to  separate  the  alcohol,  digested  first  with  a  litld 
and  afterwards  with  fused  chloride  of  calcium,  and,  lastly,  reetlEM 
pure  ether  is  an  exoeedingly  fragrant  limpid  liquid;  it  has  a  density  H 
and  boils  at  165°  (T3°'8C).  Alkalies  decompose  it  In  the  naual  nunoM 
treated  with  ammonia,  it  yields  aeilamidt,  a  crystalline  substance  id 
water  and  alcohol,  which oontains CjHtNOg ^:  C4H,0,,NIIj,  i,  a,,  aoetill 
uonia  —  2  equivalents  of  water.  Its  formntion  ie  aniilogous  to  thMH 
mtde.  Alkalies  and  acids  recoTivert  it  into  ammonia  and  aoetio  ntHiA 
treated  with  Dltrous  acid,  it  yields  acetic  acid,  water,  and  nitrofl 
C,BgNOf  -f  HO,  =  C,lljO„aO  +  UO  -V  IS  1 
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fuoHLORACBTic  ACID. — ^When  a  smnll  quantity  of  crystallizuhle  acetic  acid 

aiflferodaeed  into  a  bottle  of  dry  chluriiic  giis,  hiuI  the  wliole  exposed  to  the 

Cnet  soliur  rays  for  seTeral  hours,  the  interior  of  the  v(s>'i*l  is  found  coAtcd 

lithi  white  crystalline  substance,  which  in  a  mixture  of  the  new  product, 

MtUoruetic  aeid,  iritb  a  small  qunutity  of  oxalic  acid.     The  liquid  at  the 

Mtom  contains  the  same  substances,  together  with  the  unaltci'cd  acetic  acid. 

Hidroehlorio  and  carbonic  acid  gases  are  at  the  snmc  time  pnxluced,  together 

witk  a  suffocating  rapor,  resembling  chloro-carbonic  acid      The  crystalline 

Mtter  is  dissolred  out  with  a  small  quantity  of  water,  added  to  the  liquid 

•ntiined  in  the  bottle,  and  the  irhole  placed  in  the  Tacuum  of  the  air-pump, 

■itfa  capsules  containing  fragments  of  caustic  potassa,  and  concentrated  sul- 

phirie  acid.     The  oxalic  acid  is  first  deposited,  and  afterwards  the  new  sub- 

Mnee  in  beaatifal  rhombic  crystals.     If  the  liquid  refuse  to  crystallize,  it 

nj  be  distilled  with  a  little  anhydrous  phosphoric  acid,  and  then  evapora- 

tri.    The  oryetals  are  spread  upon  bibulous  paper  to  drain,  and  dried  in 


Iriehlormcetic  acid  is  a  colorless  and  extremely  deliquescent  substance ;  it 
ki  a  faint  odor,  and  a  sharp,  caustic  taste,  bleaching  the  tongue  and  iestroy- 
i^the  skin;  the  solution  is  powerfully  acid.  At  116°  (40°C)  it  melts  to  a 
ditf  liquid,  and  at  390o  (218o-8C)  boils  and  distils  unchanged.  The  density 
tftlwftised  acid  is  1*617;  that  of  the  vapor,  which  is  very  irritating,  is 
MhaUy  6*6.  The  substance  contains,  according  to  the  analysis  of  M.  Dumas, 
ipfipROt  or  the  elements  of  hydrated  acetic  acid  from  which  8  eq.  of 
^nvgen  have  been  withdrawn,  and  replaced  by  3  cq.  of  chlorine. 

Triehloraoetic  acid  forms  a  variety  of  salts,  which  have  been  examined  and 
^veribed;  it  combines  also  with  ether,  and  with  the  ether  of  wood-spirit 
AeN  compounds  correspond  to  the  ethers  of  the  other  organic  acids.  Tri- 
^UirtMtaU  ofpotas8a  crystallizes  in  fibrous,  silky  needles,  which  are  perma- 
MU  in  the  air,  and  contain  KO.C^CIjO^-f-  ^^-  ^^^  ammoniacal  salt  is  also 
vyitallizable  and  neutral;  it  cont-iius  Ml40,C4Cl,(),  -f-  6II0.  Trichloraceiate 
^mUtr  is  a  soluble  compound,  crystallizing  in  small  grayish  scales,  which 
»«  easily  altered  by  light ;  it  gives,  on  analysis,  AgOjC^Cl^O^  and  is  conse^ 
Ittmtly  anhydrous. 

When  trichloracetic  acid  is  boiled  with  an  excess  of  ammonia,  it  is  decom- 
taied,  with  production  of  chloroform  ami  carbonate  of  ammonia. 

C^n  CljO^  =  CjH  Clj  +  2C0a. 

With  caostio  potassa,  it  yields  a  smaller  quantity  of  chloroform,  chloride  of 
■Ottsdam,  carbonate  and  formate  of  potassa.  The  chloride  and  the  formate 
«s  secondary  products  of  the  reaction  of  the  alkali  upon  the  chloroform. 

Aeetic  acid  may  be  reproduced  from  this  curious  substitution-compound. 
^en  an  amalgam  of  potassium  and  mercury  is  put  into  a  strong  aqueous 
ohition  of  trichloracetic  acid,  chemical  action  ensues,  the  temperature  of  the 
iQiud  rises,  without  disengagement  of  gas,  and  the  solution  is  found  to  con- 
tu  acetate  of  potassa,  chlonde  of  potassium,  and  some  caustic  potassa. 

MoxooHLOBACETio  AOiD ;  C^lJgClOg.IIO,  according  to  R.  Hoffmann,  is  pro 
Inoed  by  the  action  of  chlorine  on  boiling  glacial  acetic  acid  in  sunlight.  On 
ubmitting  the  product  of  this  reaction  to  repeated  distillation  a  substance  is 
*btained  which  boils  at  867°  (18G°C)  and  solidifies  to  a  crystalline  mass, 
'hieh  fuses  at  147°  (64°C)  and  dissolves  with  facility  in  water.  This  acid 
^  its  salts,  when  heated,  are  converted  into  glycolic  acid  and  glycolatcs. 

C<H,C10,,K0  +  HjOj  =  C4H46,  +  KCl. 

MoHOBKOMACiTio  ACID;  C^IIjBrOj. IIO,  obtained  by  Perkin  and  Duppa, 
^Membles  in  every  respect  the  former.  It  is  formed  by  actiiifr  with  bromine 
^  glacial  aoetio  acid  in  sealed  tubes  at  a  temperature  above  that  of  boiling 
vater. 


This  Mid,  whenlrealed  witb  ammonia,  is  oouTorfod  into  glycoaln  rgly««n! 
I    0,H,N04  Bud  bruDiiclc  uf  ammnnium. 

C,HsBrO,  +  2NH,  =  Nn.Br  +  C^H.NO^. 
Tqiacxtic  acii>, — A  compouiid  hna  been  discnvered  bj  Kekulg,  whieli  i 
be  liewed  as  aeelic  uirid,  in  which  2  equiYslents  of  oijgen  are  replaced  I 
•quivnloLts  of  sulphur. 


>f  pentaaulpbido  of  phosphor 


6(P,r^0^B0)  +   2P8, 

Acetic  acid. 

TbiiieetiD  ncid  is  a  calorless  liquid,  boili 

odor  of  acelio  with  that  of  hjdmaiilphur' 

acetate  of  lead,  a  crjetalline  precipitHle  ci 


Oa^-i  (93''C),  combinSngl 
It  forms,  with  eo'  "'-' 
ining  PbK.C,H,0a8. 
mixed  witb  \  of  itaweieU' 
digested  fur  scTeral  dftjt   ' 


» 
I 


■  Pnre 
anlijdraus  aulpliurio  nvid,  and  tbe 
tempefalnre  of  from  140°  to  167°  (60  to  76=0),  "  Thi 
water,  when  saturated  with  carboDate  of  baryta  or  lend,  dopoaits  a  BijAM 
buryta  aalt,  or  lead  salt,  eontaining  respectively  2BbO,C,H,S^  +  8Aq. 
SPbO.C.H^O,.  From  these  raits  the  acid  ms;  be  Be^iaratcd  by  nuua 
BDlphulic  or  hj'drDitulpbDric  acid.  Snlphacctic  acid  is  rIbo  obtained  b^l 
'    1  of  Nordbanson  acid  upon  scetiunidc  (seep.  394J  or  aoetcuitiik  (i 


is  name  bns  been  giTon  to  an  scid,  whit 
1  of  Nordhauson  acid  upon  sulphaoetiti 
r  acelonitrile,  wheu  carbonic  acid  is  gtsI 
',  and  snturnlcd  witb  carbonate  of  bii 
t.illiied  and  rather  difficnllly-Boluble  biu7l»H 


802.) 
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produced  by  the  protrncted 
or  upon  acetic  acid,  acctam 
The  prodoct,  diluti^d  with 
fHiruisheB  a  beantifullj-erj 

ponnd,  oonttuning  2BiiO.CjH,S,Oig,  from  whicb  tbe  acid  may  be  ,  . 
DieaiiB  of  gulphuric  acid.  Uuih  sulphacetic  acid  and  disulpliometbotiB . 
are  bibasiu  acide.  Tbe  latter  is  identicjtl  witb  mtthioHie  acid  (see  p.  Sit). 
AcETDSe :  PTaoACETio  SPIRIT.  —  When  metallic  acclalea  in  an  anhjill 
Rtate  are  subjected  to  deatmctive  diatillatioo,  they  yield,  among  other  proA 
a  peouliar  inflaoimnble  Tolatile  liquid,  designated  by  the  above  nainec  j 
,  nost  ea«1y  prepared  by  dieUlling  oarefnily  dried  acetate  of  ttmd  is  a  b 
earthen  or  coaled  glasa  retort,  by  a  heat  gradnally  raised  to  rednCM; 
retort  must  be  connected  witb  a  oondeoser  well  supplied  witb  cold  in 
Unch  gns  is  evolved,  chieBy  carbonic  acid,  and  the  volatile  prodDCL 
slightly  uontaminated  with  tar,  collects  in  tbe  reeeiver.  The  retort  is  fo 
after  tbe  operation  tn  contain  minutely-diiided  metallic  lead,  which  is  so 
I  pyrophorio.     Tbe  crnde  acetone  is  saturated  with  carbonate  of  pot«< 


I  tube  heated  to  dull  rednets ;  the  acid  is  rusDlved  into  acetooe,  cat 
aoid,  oarbunic  oxide,  and  carbonetted  hydrogen. 

Pure  acetone  is  a  colorless  limpid  liquid,  of  peculiar  odor;  it  has  a  dl 
of  0-702,  and  boils   at   132=   (BB^'SC);   the  density  of  its  va 
Acetone  is  very  inHammable,  and  bums  witb  a  bright  B]ime ;  it 
all  proportioDa  with  water,  nlaohol,  and  ether.     The  simplest  formula. 
■     ance,  wbioU  is  produced  by  the  reaolalion  of  acetic  acid  into  aeeloH 
arbanlo  acid,  is  C|lla<l;  hut  it  ia  probable  tlint  tills  formula  niuetbidiw 
T —  ._  .      .      .  js  d^Ktinad  with  half  its  volume  of  NordhaUBenaDlphoriei 
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oily  liquid  is  obtained,  which  in  a  state  of  purity  has  a  feeble  garlio  odor. 
It  is  lighter  than  water,  and  very  inflammable.  It  contains  CigH^,  and  is 
produced  by  the  abstraction  of  the  elements  of  water  from  acetone.  It  has 
received  the  name  mesitilole.  If  pentachloride  of  phosphorus  be  dropped  into 
carefully-cooled  acetone,  and  the  whole  mixed  with  water,  a  heavy  oily  liquid 
separates,  which  is  stated  to  contain  C^ H.Cl.  When  this  is  dissolved  in  alcohol, 
and  mixed  with  caustic  potassa,  a  second  oily  product  results.  This  is  lighter 
than  water,  has  an  aromatic  odor,  and  contains  CgH^O. 

Sir  Robert  Kane  has  described  a  number  of  other  compounds  formed  by 
the  action  of  acids,  and  other  chemical  agents,  on  acetone,  from  which  he  has 
inferred  the  existence  of  an  organic  salt-bas3'le,  containing  CgHf,  and  to 
which  the  name  of  mentyl  has  been  given.  Reise,  on  the  other  hand,  has 
shown  that  by  the  action  of  chloride  of  platinum  upon  acetone,  a  yellow  crys- 
tallizable  compound  can  be  obtained,  having  a  composition  expressed  by  the 
formula  C^Hfi  +  PtCl,. 

Acetic  acid  is  not  the  only  source  of  acetone :  it  is  produced  in  the  destruc- 
tive distillation  of  citric  acid,  and  may  be  procured  from  sugar,  starch,  and 
gum,  by  distillation  with  8  times  their  weight  of  powdered  quicklime.  The 
acetone  is,  in  this  case,  accompanied  by  an  oily,  volatile  liquid,  separable  by 
water,  in  which  it  is  insoluble.  This  substance  is  called  metacetone  or  propione; 
it  contains  C5H5O ;  its  boiling  point  is  212°  (100°C). 

When  acetate  of  potassa  is  heated  with  a  great  excess  of  caustic  alkali,  it  is 
converted,  as  has  been  already  remarked,^  into  carbonic  acid  and  light  car- 
bonetted  hydrogen,  by  the  reaction  of  the  oxygen  of  the  water  of  the  hydrate 
upon  the  carbon  of  the  acid. 

C4H,0„H0  =  CgO^  +  CgH^. 

.  Ethylene-aloohol,  oltcol.  —  Recent  researches,  chiefly  by  Wurtz  and 
Buff,  have  pointed  out  the  existence  of  an  alcohol-like  body,  C^H^O^,  differing 
from  ordinary  alcohol  only  by  containing  two  additional  equivalents  of  oxygen. 
Among  the  derivatives  of  defiant  gas  compounds  of  this  body  with  chlorine, 
bromine,  and  iodine  have  been  mentioned,  containing  C^H^Olg,  C^H^Bfj,  and 
C4H4I2.  which  by  their  chemical  deportment  are  closely  allied  to  chloride, 
bromide,  and  iodide  of  ethyl.  The  latter  bodies,  as  has  been  stated  before, 
are  capable  of  exchanging  chlorine,  bromine,  and  iodine,  for  oxygen,  and  of 
simultaneously  assimilating  the  elements  of  water,  it  being  thereby  converted 
into  ethylic  alcohol.  The  chloride,  bromide,  and  iodide  of  olefiant  gas,  under 
favorable  circumstances,  exhibit  a  similar  deportment,  an  alcoholic  body  being 
formed,  to  which  the  name  ethyUne-aUoholy  or  glycol,  has  been  given.  The 
analogy  of  these  two  reactions  will  be  shown  by  a  glance  at  the  following 
equations : 

C4H5I    -f    2H0    s=     Q^Yifi^UO    -f     HI. 

Iodide  Ethylic 

of  ethyl.  alcohpl. 

C4HJ,    -f    4H0    =  .C^H^i^^2H0    +    2HL 

Iodide  of  Ethylene-alcohol, 

ethylene.  glycol, 

On  distilling  a  mixture  of  iodide  of  ethylene  with  acetate  of  silver,  an  oily 
mixture  is  obtained,  from  which  acetate  of  ethylene  may  be  separated  by 
fractional  distillation.  This  is  a  liquid  heavier  than  water,  and  boiling  at 
165^  (185°C);  treated  with  caustic  pota.ssa  it  furnishes  the  corresponding 

alcohol. 

>s.  '-  *  S(«  page  172. 
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EtliyleDe-nlcobol  is  %  colorless  liquid,  nf  a  awcetisli  laate,  soluble  in 
I   rioohol,  and  ether.  boiKng  at  883°  (195=C).     When  submitted  to  the  aotiiift 
I  of  dilute  uitrio  acid,  it  ia  converted  tulo  oialic  aald,  icliich  Etotula  to  tl        ' 
I  aloohol  in  tiie  tame  ralatioD  ilb  acetic  add  to  ethylic  alcohol. 


It  has  been  pointed  out  that  in  the  niidatjon  of  ethjlic  alcohol  the  formi 
ticD  of  needs  acid  ia  invariably  preceded  by  mac  of  aldehyde,  C,II,3,.  !zl 
aimilar  manner  oialic  acid  is  not  the  direct  prodnet  of  oxidation  of  ethjV"* 
alcohol.  When  treated  with  very  dilute  nitric  acid  tbia  alcohol  furnishes  g 
oolic  acid.  CjH,0,,00,  which  waa  origioaUj  obtained  from  gljcocoU  (see  A] 
nul  Chemistry).  Il  is  highly  probable  that  by  modifying  the  prooeal  i 
ciidntion,  other  intermediate  subslances  will  be  obtained.  By  treating  etk 
lie  aieobol  with  nitric  acid.  M.  Uebus  has  obtained  two  compounds — an  aid 
hyde-like  body,  glyoxal,  C^H^O^  and  an  acid,  glyaxalie  acid,  C^HgO^  whi 
.    obviously  belong  to  the  same  series. 

Ethylene-alcobol  (glycol)         ....  I?,H,0, 

Elhylene-aldehyde  (isomeric  with  acetic  acid).  G,R,(),  (unknown) 

Glyoolic  acid C,HjO, 

CjHjOj  {nnknonnj 

GlyoiBlic  aldehyde  (glyoial)  ....  C^H,0, 

Gljoittlia  acid C,H,Og 

Oialic  acid C^H/Jg 

Id  describing  the  couBtitution  of  ethylic  alcohol,  and  of  acetic  acid,  w^^ 
have  represented  these  bodies  as  hydrated  oxide  of  ethyl  and  as  hydratei 
oxide  of  otbyl.     In  the  conception  of  tbia  view  alcohol  and  acctia  aoid  m*! 
be  derived  from  i  molecules  of  water,  by  the  sabstitution  respectively  4 
ethyl  and  othyl  for  I  equivalent  of  hydrogen 

Water H       }''• 

Aloohol *^*JJ»     jo. 

Acetic  acid      ....    *^  '  >  Ot 

In  a  similar  manner  etbylene-alcohol  and  oialic  acid  may  be  derived  fr< 
<  molecules  of  water,  in  wHich  2  equivalents  of  hydrogen  are  replaced  i 
gpectively  by  one  molecule  of  C\ll,  (ethylene)  and  Cfl^  (oialyl),  Ta  the 
molecules,  accordingly,  we  attribute  a  biatnmio  cliaracter.  that  ia.  the  pHW 
of  replacing  2  equivniente  of  hydrogen,  which  mny  be  eonvwiienlly  ipdioali 
-t,  dasbes  on  the  right  of  the  symbol, 
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Water H*       }^* 

Ethylene  alcohol    .        .        .   ^^*^^^  \o^ 
OxaUoacid     ....   ^^^^^^    \o^     ' 

Alcohols  containing  biatomio  molecules  are  designated  as  biatomic  alcohols ; 
Ihas  ethylene  alcohol  is  a  biatomic  alcohol,  whilst  ethyl-alcohol  is  a  monatomio 
alcohol. 

The  substance  mentioned  under  the  name  of  aeetcU  among  the  products  of 
oxidation  of  alcohol  is  the  ethylic  ether  of  ethylene-alcohol 


HETBIL    BBEtJB 


SUBSTANCES  MORE  OB  LESS  ALLIED  TO  ALCOBOL, 


ITB    DEBrTATtTia. 

In  the  jenr  1812.  Mr.  P.  Tsjiar  discovered,  among  the  liquid  produetsa 
&e  destructive  dietillnUon  of  dr^-vood,  a  pecaliar  volatile  inflammable  liqnll 
'  naoli  reaembling  spirit  of  vine,  to  which  allnnion  liaa  Hlready  been  Old 
Thie  aubetance  haa  buen  shown  bj  MM.  Duniaa  and  Pfiligat  u>  be  budi' 
ticohul,  rorming  an  ether  and  a  aeriea  of  camponade,  exactly  conreBpniK 
Vltb  thOBO  of  vinoas  spirit.  Wood-spirit,  like  ordinur;  alcohol,  ma;  be  regu 
M  an  hjdrnted  oiide  of  a  bodj  like  ethyl,  containing  CjH,,  called  methyl. 

A  ver;  great  number  of  compound  metbyl-elhers  have  faeea  dcscHbed ;  tkl 
present  the  moat  complete  paralleliam  of  origin,  propBrties,  and  oonstil  "' 
irith  those  derived  from  oommon  alcohol. 


ffooJ-ipirii  Seria, 


Methyl  {symbol,  Me) 
Oiido  of  methyl 
Hydride  of  methyl  (marsh-gaa) 
Chloride  of  methyl   . 
Iodide  of  methyl,      . 
Zlncmethyl       .... 
Wood-spirit      .... 
Sulphfito  of  oxide  of  methyl     , 
Nitrate  of  oiide  of  methyl 
Sulphomethylio  acid. 
Formic  acid      .        .        .        < 
Chloroform       ,        .        ,        , 


OHjO 
aH.H 

ae,a 
c,e,i 

e,o.i 

C,H,0.S' 
CiH,0,NO. 
C,H,0,2S0^ 
C,ll  O^HO 
C^Clj 


HO 


it;  MeO,H( 

— The  crude  wood-Tinegnr  probably  contains  about  jlj  part  of  this  Buhslaw 
which  la  aeparnted  from  the  great  bnik  of  the  liquid  by  sulyectiiig  the  wbd 
to  diatillntion,  and  collecting  apart  the  firat  portions  which  pius  over.  Tl 
ftoid  BolutloD  thns  obtained  is  neutrnliied  by  hydrate  of  lime,  the  ulear  liq^ 
■epnrnled  from  the  oil  which  floats  on  the  aurfaoe,  and  from  the  aedimenl) 
the  bottom  of  the  veesel.  ia  again  diatilled.  A  lolatilo  liquid,  which  bin 
like  weak  alcohol,  is  obtained :  this  may  be  strengthened  in  the  Bame  mann 
I  ordinary  spirit,  by  rectification,  and  ultimately  rendered  pure  And  tnit^ 
,   by  careful  distillniion  fifom  qnicklima,   by  the  heat  of  a  waler-bsft. 


id  lAn.  nood;  t 
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Pure  wood-spirit  is  a  calortsss,  thin  liquid,  of  peculiar  odor,  quite  different 
from  that  of  alcohol,  and  burning.  diangrueiLblfl  taste :  it  boiU  at  152°  ;G8''6C), 
ftnd  Los  a  density  of  0798  at  68=  (iCC).  The  density  of  its  napor  ia  112. 
Wood-Bpirit  miiea  in  all  proportions  with  water,  wlieo  pure ;  it  dissolves  reaing 
und  Tolatile  oils  as  freely  aa  alcohol,  and  is  often  subatitated  for  alcohol  in 
TuiouB  procBSHca  in  the  arta,  for  which  pnrpose  it  ia  prepared  on  a  largo 
Boale.  It  ma;  be  burned  instead  of  ordinary  spirit  in  lamps ;  tlie  flame  ia 
pale-ootored,  like  that  of  alcohol,  and  deposits  do  soot.  Wood-apirit  dissolves 
OBuBtie  baryta;  the  solution  depoaitea,  by  eyap oration  t'ti  vacuo,  acicnlar  crys- 
tals, containing  BaO  -|-  MeO,  ItO.  Like  alcohol,  it  dissolves  chloride  of  cal- 
cium in  large  quantity,  and  girea  rise  to  a  cryatalline  compound,  reseinbling 
Uiat  formed  by  alcohol,  and  containing,  according  to  Eane,  CaCl-f-2 
(MbO.HO]. 

Oxio«  OF  ME^Br^;  wooii-kthbb;  MeO.  — One  part  of  -wood-spirit  and  i 
parts  of  concentrated  sulpburic  acid  are  mixed  and  exposed  to  heat  in  a  flask 
fitted  with  a  perforated  cork  and  bent  tube;  the  liquid  slowly  bhickens,  and 
emits  large  quantities  of  gas,  which  may  be  passed  through  a  little  strong 
strong  solntioci  of  caustic  potassa,  and  collected  over  mercury.  Tbia  is  the 
vood-tpirit  tt/ier,  a  permanently  gaseous  substance,  which  does  not  liquefy  at 
the  temperature  of  3°  {-16'''1C).  It  is  colorless,  has  an  ethereal  odor,  and 
bams  with  a  pale  and  feebly-lnininDUS  flame.  Its  specific  gravity  is  1'617. 
Cold  water  diaaolves  about  33  Umes  its  voloaie  of  this  gna,  acquiring  thereby 
the  characteristic  taste  and  odor  of  this  substance:  when  boiled,  the  goa  is 
again  liberated.  Alcohol,  wood-spirit,  and  concentrated  sulphuric  acid,  dis- 
■olve  it  in  still  larger  quanfity. 

Under  the  head  of  fther  it  has  been  mentioned  that  the  generally-received 
relalion  of  this  aubstance  to  the  other  el  by  1-com  pounds  bad  bean  rendered 
doubtful  by  recent  researches.  The  same  remark  of  course  applies  to  me- 
thylio  ether,  which  is  in  everj  respect  analogous  to  common  ether.  It  wM 
Brat  proposed  by  Berielius,  and  has  long  been  urged  by  MM.  Lanrent  and 
Gerhnrdt,  that  the  composition  of  alcohol  being  expressed  by  the  formula 
C^HjOy  the  true  formula  of  ether  was  C,Hu,0_  and  not  C^HjO.  The  correct- 
Bess  of  this  view  haa  lately  been  eatabliahcd  by  a  series  of  beautiful  experi- 
menta  carried  out  by  Prof.  Williamson.  He  found  that  the  substance  pro- 
duced by  dissolving  polassinm  in  alcohol,  which  lias  the  formula  CfII,0,KO, 
when  acted  upon  by  iodide  of  ethyl,  furnishes  iodide  of  potassium  and  per- 
fectly pure  ether.   This  reaction  may  be  expressed  by  the  two  following  eqnti- 


That  in  thia  reaction,  not  two  equivalents  of  ether  are  formed,  aa  represented 
in  the  first  equation,  but  that  a  compound  CgH|gO,  ia  formed,  as  expressed  In 
the  second,  ia  clearly  proved  by  substituting,  wbcu  acting  upon  (he  compound 
O.HjO.KO,  for  the  iodide  of  ethyl,  the  eorrasponding  methyl-compound.  In 
this  caae  neither  common  ether  nor  methyl-ether  ia  formed,  but  an  interme- 
diate compound  CaH.Oj  =  C^H,0,CjtI,O.  This  substance  ia  insoluble  in 
water,  and  has  a  peculiar  odor  similar  to  thatof  ether,  but  boils  at  50°  (lO^C). 

It  ia  very  probable  that  the  substances,  which  have  been  described  by  the 
terms  ethyl  and  methyl,  likewise  are  not  0^11^  ^"'^  '^t^f  '>"'  f^t^u  "'^  ^i^»- 
The  limits  of  this  olemi'ntary  work  will  not  permit  us  at  preaent  to  enter  mto 
the  details  of  thia  queation,  which  is  still  under  the  discnssion  of  chemists. 

CulOBiDs  OF  HSTHTL,  MeCl-~Thi3  compouDd  is  most  easily  prepared  by 
heating  a,  mixture  of  2  parts  of  common  salt,  1  of  wood-spirit,  and  3  of  con- 
Centrnted  aulphuric  acid  ;  it  is  a  gaseous  body,  which  may  be  conveniently 
collected  over  water,  aa  it  ia  but  alightl;  soluble  in  that  liquid.  Chloride  of 
uetbyl  ia  colorless ;  it  has  a  peculiar  odor  and  aweetiah  taste,  and  bannil 
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lAei  kindled,  with  ■  pale  Same,  greenish  lownrils  the  ei^ge?,  )i 
boetible  cfalonne-cooiponnda.    It  hu  a  dedsit;  of  1-T3I,  ancl  ig  not  SquiGed  iti; 
0"  ( — 1T*"C).     The  gai  i»  decomposed  by  imnamission  through  a  red-Mt''^ 
tabe.  with  ^ght  depoailion  of  carbon,  into  lijrdrochJaric  acid  gaa  and  •  ml 
biMlttied  hydrogen,  which  hu  been  bnt  little  exumined. 

loDiDC  or  MCTHTL,  Mel,  is  a  cotorlesB  and  feebl^'-combiOBtible  liquid,  at 
luned  b;  distilling  together  1  part  of  pho^phomg,  8  of  iodine,  and  12  w  t 
«f  wooil'SpiriL  It  is  insoluble  in  water,  has  a  densitj  of  Z'23T,  and  boilst 
III'  (iao-SC).  The  density  of  its  Tapor  is  4-883.  The  action  of  »ino  np 
Ipdide  of  methyl  in  sealed  tabes  faniiahes  s  calortessgsB,  apparently  n  mixll 
a(  Bereral  eubstancei.  amoag  which  tnolhyl  does  ocour.'  The  residua  CO 
tains  iodide  of  line,  together  with  a  Tolalile  eabstance  of  very  disagreeaU 
9dor,  which  abaorhs  oxygen  with  so  much  aTidity,  that  it  takes  Ere  wM 
■Omiag  in  contact  with  the  air.  It  is  linc-methjl,  CjH,Zn,  correspondliigl 
jbK-ethyl  (see  page  36S),  and  may  be  obtained  by  dielilling  the  reaidne  of  d 
feaetiun  of  xino  npon  ia<iide  of  methyl  in  an  apparatas  filled  with  bydiogd 
Vhen  luiied  with  water  it  yields  oxide  of  liinc  and  light  carb  one  tied  hydni  ' 

CiABina  Of  MKTSTL.  McCj.— If  a  dry  miiture  of  HulphomethyUl*  of  tu. 
and  cyanide  of  potassinin  is  heated  in  a  retort,  a  very  volatile  liquid  ik 
powerful  odor  di^dls  over.  It  generally  contains  hydrooyanic  acid  n 
water,  from  which  it  is  separated  by  distiUation,  first  over  red  oxide  of  m 
Jury,  and  then  over  anhydroas  phosphoric  acid.  When  thns  puiified,  it  t 
an  agreeable  aromatic  odor,  and  boils  at  1T0°'6  (TT°C).  When  bailad|ri 
potassa,  it  nndergoe*  a  decompositian  annlogons  to  that  of  cyanide  of  ^ 
(•ee  page  372);  it  absorbs  4  ei      "  ....         ..... 


MeCy  = 


r,  and  yields  acetic  aoid  bj 

C^HjOjHO  =  C.H^   O, 


C,H,NO, 


CjH^O, 


It  has  been  mentioned  that  this  compound  may  be  obtnined  by  abal 

eq.  of  water  from  acetate  of  ammonia  by  means  of  phosphoric  acid.    I\ 

page  392). 

Couipoui;ds  of  Methyl  with  bromioe,  Qaoidne,  and  snlpbur  hSTe  also  h 
■blained. 

Sulphate  or  oxidi  of  uethtl,  MgO,SO,.  —  This  interesting  snbstanav 
prepared  by  distilling  1  part  of  wood-spirit  with  8  or  10  of  strong  oil  ' 
vitriol;  the  diattUation  may  be  carried  nearly  to  dryness.  The  oleagini 
liquid  found  in  the  reoeiier  is  agitated  with  water,  and  purified  by  r  ' 
tion  friim  powdered  caustic  baryta.  The  product,  which  is  the  body 
is  a.  colorless  oily  liquid,  of  alliaceous  odor,  haying  a  density  of  l-32i, 
boiling  at  STD°  (187°-TC).  It  is  neotml  to  teat-paper,  and  insolable  in  wa 
but  decomposed  by  that  liquid,  slowly  in  the  cold,  rapidly  and  with  violt 
at  a  boiling  lemperatore,  into  lufphometiylie  aeid  and  wood-spirit,  whie 
tbns  reprodaaed  by  hydration  of  the  liberated  methylio  etlier.  Anhydi 
lime  or  baryta  have  no  aotion  on  this  sahstance ;  their  hydrates,  howerer, 
those  of  potassa  and  soda,  decompose  it  instantly,  with  production  of  >' 

S'lome  thy  late  of  the  base,  and  wood-apiriE.  When  aeaCrol  sulplinte  of 
heated  witb  common  salt,  it  yields  sulphate  of  soda  and  chloiide  ' 
'■'     yanide  of  mercury  or  potassium,  it  gives  a  Bulphsta  of  Ihi 

le  of  methyl ;  witb  dry  formata  of  soda,  sulphate  of  soda  and  formala  i 

ethyl.     These  reactions  posxD.'tB  great  interest. 

,   NtTBATB  ov  THE  oiiiiB  Of  METHYL,  MaO.NO^  —  One  pnH  of  nilrnte  i 

s  Introduced  into  a  retort,  connected  with  a  tubulated  receiver, 

1  hottte,  containing  salt  and  water,  cooled  by  a  (raillM 

to  carry  off  the  ineoBdenaable  "" 


lond  tube  serves 


r 
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cUmney.  A  mixture  of  ons  part  of  wood-spirit  anit  2  of  oil  of  ritriol  is  mnile, 
%ad  im mediately  poured  upon  the  nitre  j  rB:Lction  commences  at  ODCCi  and 
Teqoirea  but  liltle  aid  fram  external  beat.  A  small  quantity  of  rod  vapor  ia 
Baea  to  arise,  and  an  ethereal  liquid  oondcnses,  in  great  abundanoe,  in  the 
receiver,  and  also  in  the  bottle.  When  the  process  ia  at  an  end,  the  distilled 
prodnctB  are  mixed,  and  the  henv;  oily  liquid  obtained  separated  from  the 
Wktar.  It  is  purified  by  aeveral  snccessiTe  distillations  h;  the  heat  of  a 
irater-binh  from  a  mixture  of  chloride  of  oaloium  and  litharge,  and,  lastly, 
reoti&ed  alone  in  a  retort,  furnished  with  a  thermometer  passing  through  the 
tnbulature.  TheliquarbeginstoboilatabouC140°  (GO°C];  the  temperature  soon 
TiaeB  to  150°  (65°'5C),  at  which  point  it  remains  constant:  the  prodnct  is  then 
asUocted  apart,  the  first  and  most  volatile  portions  being  coataminated  with 
hydrocyanic  acid  and  otlier  impurities,  Evon  nith  these  precautions,  the 
sitcate  of  methyl  is  not  quite  pure,  as  the  analytical  results  show.  The  pro- 
perties of  the  fiubstance,  however,  remove  any  doubts  respecting  its  real 

Nitrate  of  methyl  is  colorless,  neutral,  and  of  feeble  odor;  its  density  ia 
1-182 ;  it  boiU  at  160°  (ea°'6C),  and  burns,  when  kindled,  with  a  yellow 
flame.'  Its  vapor  has  a  density  of  2-64.  and  is  eminently  explosive ;  when 
heated  in  a  flask  or  globe  to  300°  (U9°C),  or  a  litUe  above,  it  explodes  with 
fearful  Tloleuoe ;  the  ijeterniiuation  of  the  density  of  the  vapor  is,  eonse- 
qneatly,  an  operation  of  danger.  Nitrate  of  methyl  is  decomposed  by  a  BOlii- 
Uoa  of  oaustio  potassa  into  nitrate  of  that  base  and  waod-apiiit. 

Ozu.AT>  01  OXIDE  or  HETUTL,  MeO,C)Os.  —  This  beautiful  and  interesting 
BObBtanoe  is  easily  prepared  by  distilling  a  mixtare  of  equal  weights  of  oxaUo 
aoid,  vood-spirit,  and  oil  of  vitriol.  A  spirituous  liquid  collects  in  the 
receiver,  which,  exposed  to  the  air,  quickly  evaporates,  leaving  the  oialio 
nietJiyl-ether  in  the  form  of  rhombic  transparent  orystalline  plates,  which  may 
be  pnrifled  by  pressure  between  folds  of  bibulous  paper,  and  redistilled  from 
a  little  oxide  of  lead.  The  product  ia  colorless,  and  has  the  odor  of  common 
ozaUc  ether  ;  it  melts  at  124°  (61°'1C),  and  boils  at  822°  (161  °C}.  It  dissolves 
freely  in  alcohol  and  wood-spirit,  and  also  in  water,  which,  however,  rapidly 
I  decomposes  it,  especially  when  hot,  into  oiaiio  acid  and  wcod-spirit.  The 
•Ikallne  hydrates  effect  the  same  change  even  more  easily,  Solutioa  of  am- 
■nania  converts  it  into  oxamide  and  wood-spirit.  With  dry  ammoniaoai  gas 
it  yields  a  while,  solid  substance,  which  crystallizes  from  alcohol  iu  pearly 
«Dbea:  this  new  body,  designated  oxamelltylant,  or  ozamate  of  methyl,  con- 
Uins  C,H,NO,  =  C,H,0,C«H,NO,, 

Huiy  other  salts  of  oxide  of  methyl  have  been  formed  and  examined.  The 
amtale,  MeO,C,[I,0,.  is  abundantly  obtained  by  distilling  2  parts  of  wood- 
■pirit  with  1  of  crystalliiablo  ocetio  acid,  and  1  of  oil  of  vitriol.  It  much 
resBmbloa  acetic  ether,  having  a  density  of  0.919,  and  bofling  at  136°  (57°SCJ ; 
the  density  gf  its  vapor  ia  2-663,  This  compound  is  isomeric  with  formic 
elhar.  Farmatt  of  meihyl,  MeO.CjHO».  ia  prepared  by  heating  in  a  retort 
equal  weights  of  sulphate  of  methyl  anil  dry  formate  of  soda.  It  ia  very  vola- 
tile, lighter  than  water,  and  ia  isomeric  with  hydrate  of  acetic  acid.  ChloTO- 
eariMtie  meUtyt-tlhir  is  produced  by  the  action  of  phosgene  gas  upon  wood- 
■pilit.  it  is  a  colorless,  thin,  heavy,  and  very  volatile  liquid,  containing 
<^B,C10,  =  C,II,0,CiC10,,  It  yields  with  dry  ammonia  a  soUd  crystalliiable 
■nbstance,  called,  urtlhylane.     {See  page  375). 

8itLFBoi<BTiiTi.io  ACID,  MeO,2SO^IIO. — Sulphomethylate  of  baryta  is  pre- 
pared in  the  same  manner  as  the  sulphovioste ;  1  part  of  wood-spirit  is  slowly 
mixed  with  2  parts  of  concentrated  sulphuric  aoid,  the  whole  heated  to  ebulli- 
tion, and  left  to  oool,  after  which  it  is  diluted  with  water  and  neutraliicd  with 
carbonate  of  baryta.  The  solution  is  filtered  from  the  insoluble  sulphate,  and 
•vaporated,  first  in  a  water-bath,  and  afterwards  in  vacuo  to  the  due  degrea 
tt  aonoentration.     The  salt  crystuiliies  in  beautiful  square  colurlcaa  ta^'" 
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«enUiniDf  IIaO.C,n,0.2SO, -(-  !H0.  which  effloresce  in  drj  air,  ndnan, 
Bolable  in  water.  Bj  emctt;  precipitating  the  baee  (rom  this  BnbBtinwl 
dilute  Bulpharic  icid.  and  leunug  the  fillerol  liquid  to  emporale  in  the  l^ 
hf  ilmted  solphotnethjrlic  aetd  may  be  procimd  ia  the  fortn  or  a  bout.  ^Jtti\ 
liquid,  or  u  mioate  scicalar  crjstalf,  tstj  enluble  in  wsler  and  alcohol, 
is  Ter;  instable,  being  decomposed  b;  beat  in  the  same  manner  as  snlph 
viuio  add.  Sulpho-mtllintaie  o/pviana  crystallizes  in  gmall,  □acreona,  rhaml 
Ublet,  which  are  deliqaescent ;  it  contains  KO,C,B,0,280i.  The  lead-siIt 
alio  Teiy  soloble. 

Found  ACID.  —  As  alcohol  by  oxidation  under  the  inflaenee  of  flnd 
divided  platinnm  gires  riee  to  acetic  acid,  so  wood-spirit,  tinder  similar  d 
«nmstanoeB,  yields  a  peculiar  acid  product,  produced  by  the  substitiiliDD  ol 
eq.  of  oiygen  for  2  eq.  of  hydrogen,  to  which  the  term  formie  add  is  p 
fram  its  occurrence  in  the  Bninutl  kingdom,  in  the  bodiea  or  attts.     The  ■ 
riment  may  be  eanly  made  by  enclosing  wood-spirit  in  a  glisa  jar  with  a  q 
'    lity  of  plalinnm.bf.iclt,  and  allowing  moderate  access  of  nir:   the  ipiril 
gradaaliy  conTerted  into  fnrmtc  actd.     There  has  not  been  found  an  inten*^ 
diate  product  correspondinjr  to  aldehyde.      Anhydroos  formic  Hoid,  as  in 
saltii,   contains  C,HO,  or  itte  elements  of  2  eq.  carbonic  oxide,  and  1 

Pure  hydrate  of  formic  acid.  C,HO^HO.  is  obtained  by  tlie  action  of  I 
phuretted  hydrogen  on  dry  formate  of  lead.  The  fnit,  reduced  to  fine  powd 
is  Tery  gently  heated  in  a  glass  tube  connected  with  a  condensing  appanii 
through  which  a  curreat  of  dry  sulphuretted  hydrogen  gas  Is  tr&namitl«d. 
farms  a  clear,  colorless  liquid,  which  fames  slightly  in  the  air,  of  eiflM  " 
penetrating  odor,  boiling  at  209°  t^S^-SC),  and  crystslliiing  in  large  bi 
pkites,  when  cooled  below  32°  (0°C}.  The  ep.  gr.  of  the  add  ia  1-2 
mixes  with  water  io  all  proportions  ;  the  vapor  is  inflammable,  and  bamsW 
a  bhie  flame.  A  second  hydrate,  containing  2  eq.  of  water,  exists ;  its  deon 
Is  l-ll,  and  it  boils  at  223°  (13G°'1C).  In  its  concentratud  form  this  body 
extremely  corrosive ;  it  attaclta  the  sbin,  forming  a  blister  or  an  ulcer,  piui 
wid  difficult  to  heal.  A  more  dilate  acid  may  be  prepared  by  a  Tariely 
proeessea.  Starch,  sugar,  and  many  other  organic  sabatanoea  oflen  yil 
formic  acid  when  hen  ted  with  oxidizing  agents:  a  convenient  method  it  f 
following :  —  ]  part  of  sugar,  3  of  binoxide  of  manganef^o,  and  2  of  water.  I 
mixed  in  a  very  capacious  retort,  or  large  metal  atiU;  3  parts  of  oil  of  Tilri 
diluted  with  an  equal  weight  of  water,  are  then  added,  and  when  the  ft 
Tiolenl  effervescence  from  the  disengagement  of  carbonic  aoid  has  subsld 
heat  is  cautiously  applied,  and  a  considerable  quantity  of  liquid  distilled  o< 
Tbia  is  very  impure ;  it  contains  a  volatile  oily  matter,  and  some  aBbslai 
which  communicates  a  pangency  not  proper  to  formic  acid  in  that  dilnle  stt 
The  aoid  liquid  is  neutraliied  with  carbonate  of  soda,  and  the  resulting  I 
mate  pnriGed  by  crystallization,  and.  If  needfnl,  by  animal  charooal.  Fl 
this,  or  any  other  of  its  Salts,  solution  of  formic  acid  may  bo  readily  ohtalB 
by  distillation  with  dilute  sulphuric  acid.  It  baa  an  odor  and  ta£te  much  ] 
ftembling'  those  of  acetic  acid,  reddens  litmus  strongly,  and  decompoaos  I 
alkaline  carbonates  with  effervescenco. 

Another  process  for  making  formic  acid  consists  of  distilling  Arj  oxAJieat 
Tailed  with  its  own  woight  of  saud  or  pumioo-stone  in  a  glass  retort.  C 
bonio  oxide  and  carbonic  acid  are  disengaged,  while  a  very  acid  liquid  din 
which  is  formic  acid  contaminated  with  a  small  quantity  of  oxalic  acid. 
redistilling  this  mixture  pure  formic  acid  ia  obtained.  This  proceM  yiddl 
Tery  strong  aoid,  bnt  only  s  small  quantity  in  proportion  to  the  oxali«  w 
employed.  A  still  better  result  ia  obtained  by  diatilliog  oxalic  Mid  wj 
glycerin. 

" 'c  acid,  in  qnantity,  may  be  extracted  froTa  ante  by  disHlliiig  the! 

th  water,  or  by  simply  macerating  them  io  the  cold  liquid. 
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Pormio  aciJ  ia  readily  diatinguieheii  frnm  acetic  acid  b?  heatiog  it  witli  a 
Utile  soluClan  of  oiiJe  cif  ailvor  or  tncraury  ;  the  meUil  ia  rcJuced,  and  prcctpi- 
tated  in  a  puWcmlent  state,  vhile  oarbonic  acid  U  evolTed;  this  resotion  is 
mfBcisnllj  inlelligible.  Tbe  protocbloride  of  mercury  is  reduced,  by  the  uid 
of  tba  elements  of  water,  to  calomel,  carbonic  and  bydrouhloric  ucids  being 
fbrmed.  Formic  acid,  wben  bealed  nith  conceotrated  Bnlpbnrio  acid,  split! 
into  oarbonio  oxide  and  vnter ;  on  the  other  band  carbonic  oxide,  when  heated 
irilh  caustio  potasan,  famishes  formate  of  potosao. 

Themoat  important  aulta  of  formic  acid  are  I  lie  folloning: — Fhrmati  of  loda 
crjatallizea  in  rhombio  priams  containing  2  cq.  of  water ;  it  ie  very  aalnble, 
and  ia  decomposed  like  the  rest  of  the  !<a1t9  by  hot  oil  of  Titriol  with  CTolution  of 
pare  OBrbonic  oxide.  Fused  with  many  metallic  oiiilea,  it  causes  tbeirreduc 
tion.  .fVniaff  D^pataim  ie  with  difficulty  mnde  to  crystalliie  from  i la  great 
edlability.  Formate  ef  ammonia  crystallizes  in  square  prisms ;  it  is  very  aalnble. 
Bud  ia  decomposed  by  a  high  temperature  into  hydrocyanic  acid  and  water,  ■ 
the  olementBof  which  it  contains,  Nfl40,0,!IO,—4HO  =  C,NH.  This  decom- 
poution  is  perfectly  analogous  to  that  of  aoetato  of  ammonia  (eee  page  392). 
The  anitH  of  ban/la,  lirontia,  limi,  and  magriftia  form  small  prismatic  crystals, 
Botable  withoat  difficulty.  Formau  of  Uad  crystallizes  in  small,  dJTerging, 
oolorleas  needles,  wbicb  require  for  solution  4D  portg  of  cold  water.  The  for- 
mates of  mangantte,  protoxide  of  iron,  tine,  niektl,  and  cobalt  are  also  crystal- 
Uiable.  That  of  copper  is  very  beautiful,  constituting  bright  blue  rhombio 
prisms  of  considerable  magnitude.  Formate  of  liliiir  is  white,  but  slightly 
soluble,  and  decomposed  by  the  least  cleTation  of  temperature- 
Formates,  when  mixed  with  acetates  and  submitted  lo  distillation,  yield  ear- 
bonatesandaceticaldehydB.  M0,C,Q(Ja-(.-M0,€,il,0,=.C4H,(Vf  2(M0,Cai). 
Formate  of  the  oxide  or  etbtl  ;  fobuid  etseb  ;  AeO,  C^HOs-— A  mixture 
of  7  parts  of  dry  formate  of  soda,  ID  of  oil  of  vitriol,  and  6  of  strong  alcohol, 
ia  to  be  eab}ected  to  distillation.  The  forntic  ether,  separated  by  the  addition 
of  water  to  the  distilled  prodnot,  is  agitated  with  a  little  magnesia,  and  left 
aereml  days  in  contact  with  chloride  of  calcium.  Formic  ether  is  colorless, 
has  an  aromatic  sraeU,  and  density  of  0'916,  and  boils  at  133=  (56°C).  Water 
i^^ssolTes  this  subataDoe  to  a  small  extent. 

CHLonarosH.— This  aubataneo  is  produced,  as  already  remarked,  when  sn 
aqnsoos  solution  of  caustic  alkali  is  made  to  act  upon  chloral.  Il  may  bo  ob- 
tained with  greater  facility  by  distilhng  alcohol,  wood-spirit,  or  acetone  with 
a  Bolation  of  chloiide  of  lime.  1  part  of  hydrate  of  lime  ia  Buspeoded  iu  21 
parta  of  cold  water,  and  chlorine  passed  through  the  mixture  until  nearly  the 
whole  lime  is  dissolved.  A  little  more  hydrate  is  then  added  to  restore  tbe 
alkaline  reactioa,  tbe  clear  liquid  mixed  with  one  part  of  alcohol  or  wood' 
apirit,  and,  after  an  interval  of  24  hours,  cantionsly  distilled  in  a  Very  apaciout 
vesael.  A  watary  liquid  containing  a  little  spirit  and  a  heavy  oil  colleot  in 
the  receiver;  the  tatter,  which  is  the  chloroform,  is  agitated  with  water, 
digested  with  chloride  of  calciam,  and  rectified  in  a  water-bath.  It  ia  a  thin, 
Eolorless  liquid  of  agreeable  ethereal  odor,  much  resembling  that  of  Dutch- 
liquid,  and  of  a  sweetish  taate.  Its  density  is  1-48,  and  it  boils  at  HI'S 
(61°C)  ;  the  density  of  its  vapor  is  4'niG.  Chloroform  is  with  difficult  kin- 
dled, and  bnrna  with  a  greenish  flame.  It  is  nearly  insolnble  in  water,  and  ia 
nut  affected  by  concentrated  salphurio  acid.  Alcoholic  solation  of  potassa 
deoomposea  it,   with  produoiion  of  ohloride  of  potasaiom  and  fomate  of 

Chloroform  may  be  prepared  on  a  larger  scale  by  cautiously  distilling 
together  (Cood  commercial  chloride  of  lime,  water,  and  alcohol.  The  whole 
product  distils  over  with  the  first  portions  of  water,  so  that  tbe  operation  may 
be  Boon  interrupted  with  advantage. 

This  anbatance  has  been  called  strongly  into  notice  icom  its  remarkabla 
effeets  upon  the  animal  system  in  producing  lemporarj  iaaensibility  t< 
Vtiwi  its  vapor  ia  inhaled. 
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Cliloroform  0O!ilBiosC,IICl,:  it  Uchnngadw  formic  acid  bytbesi 

3  eq.  of  oiygen  for  Uie  3  eq.  of  oliloriue  romoyed  ly  the  Blkaline  melil. 

Srona/arm,  CJA  Br,,  is  a  bear;,  volatile  liquid,  prepared  liy  ■  nmiW  pK 

PieiB.  hmmiae  being  sabatiluted  in  tbe  place  of  oblorinc.     It  is  conTeitcd  1 

I  fOInra*  into  bromide  of  polHasiuRiftodfonDale  of  potass*-     Jodofotm,  CLH^ 

V  %  solid,  jelloir,  cry Btulliisbte  Bubstance,  easily  obtained  by  addiog  alcotiD 

I  •Ciliitioo  of  potnsHA  to  tincture  of  iodine,  avoiding  eicese,  evaparating  I 

f  wholii  tn  dryness,  and  trcuting  tbe  reeidne  irith  water.     Iodoform  is  nea 

tii«u1ubie  in  water,  bat  dissolves  in  alcohol,  and  is  decomposed  by  alkiUia 

the  tiaino  manner  as  the  preceding  componnds. 

FoKHOHETHTiiAt. — Thia  ia  a  product  of  the  dislillntion  of  wood-epiril  > 
dilute  HUlphuric  acid  and  binoiide  of  manganese.  Tbe  diatiiled  liquid  iaai 
nirvd  with  potasso,  by  wliioh  the  new  subslance  is  separated  aa  a  light  t 
fluid.  When  purified  by  rectification,  it  is  colorless,  and  of  agreeable  anc 
odor;  it  has  a  density  of  OS&e,  boils  at  170°  i4I°C),  and  is  completely  »l 
in  three  parts  of  water.  It  contains  C^TIgOj.  It  Dorresponda  to  acetal,  n 
may  be  viewed  as  a  compound  of  2  cq.  of  the  ether  with  1  eq.  of  the  yet-aiikiiiil 
aldebyde  of  the  melhyl-aeries,  C,H,<),  =  :!C,llalJ,C,!lj03. 

It  may  also  bo  derived  from  an  alcohol.  €,0,0^ ^C2[T,nj,2IIO,  atandiagl 
metbylic  alcohol  in  the  eiune  relatioQ  which  obtains  between  etbylio  and  all 
leiii<J  alcohuls. 

Methylene  aleobol    . 
Fonaomelhylal 


(W';o, 


|l^!l'.)"t0 

ic.ii.i,  r- 


Mkthti.-msbcaptan  Is  prepared  by  a  process  similar 
fcr  ordinary  mercaplan,  snlphom ethyls te  of  potassa  being  Hnbsdtnled  fert 
autphaviuale  of  lime.     It  is  a,  colorless  liquid,  of  powerful  allinceouB  ddi 
lighter  than  water;   it  bails  at  Q8°  (20''C),  and  resembles  mercaptan 
KOlioQ  OD  red  oxide  of  mercury. 

PEODtrora  of  the  actios  op  OBLonntB  on  tbi  coMPomma  of  HSTWTk< 
Chlorine  acts  upon  the  metbylio  compounds  in  a  manner  strictly  in  obedia 
to  the  law  of  substitution;  the  carbon  invariably  remains  intact,  nod  r 
proportion  of  hydrogen  removed  is  replaced  by  an  equivalent  quantity 
chlorine.  Metbylic  ether  and  chlorine,  in  a  dry  and  pore  condition,  yidi 
loIatUe  liquid  product,  containing  CgHfCIO:  the  eipenment  is  attcndsd  wi 
great  danger,  at  the  least  elevation  of  temperature  gives  rise  to  a  violent  a 
plosion.  This  product  in  its  turn  furuieheB,  by  the  continued  aotioa  i  ' 
gDj^  a  second  liquid  containing  C,HCI„0.  The  whole  of  the  hydrogen  is 
tanlly  lost,  and  a  third  oompDUnd,  CgCI^O,  produced. 

Chloride  of  methyl,  C.n.Cl,  in  like  manner  gives  rise  to  three  succ 
products.  The  first,  C,H,Clp  is  a  volatile  liquid,  much  resembling  ehlori 
of  oloSant  gas ;  the  second,  CjHClj,  is  no  other  than  chloroform ;  the  tiiirdl 
bichloride  of  carbon,  CjCl,. 

Some  of  these  substances,  especially  ohloroform  and  bichloride  of  ci 
have  bCBQ  obtained  also  by  the  action  of  chlorine  on  light  carbonetted  hydn 
gen  (marsh-gas),  which  tbus  beoomes  connected  with  the  methyl-series, 
may  be  regarded  as  hydride  of  methyl,  a  view  which  is  littewise  supported  \ 
itaformation  from  linc-niethyl  (see  page  402);  thus  we  have  Uie  foUowJr 

Hydride  of  methyl ,         .         ,  C,H,H.     Light  carbonetted  hydrogen. 

Chloride  of  nielhyl  .         .  C.H.Cl. 

Chlorinctted  chloride  of  methyl  C,[IJ^1,. 

netted       ..  T-Hlll.. 
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lie  acetate  of  methyl,  C,Hg04,  gives  CgH4Clj04,  and  C,H^Clg04;  the  other 
tiyl-ethers  are  without  doubt  affected  iu  a  similar  manner, 
ommercial  wood-spirit  is  very  frequently  contaminated  with  other  sub- 
ces,  some  of  which  are  with  great  difficulty  separated.     It  Bomcnmes  con 
8  aldehyde,  often  acetone  and  propione,  and  very  frequently  a  volatile  oil, 
ch  is  precipitated  by  the  addition  of  water,  rendering  the  whole  turbid. 

latter  is  a  mixture  of  several  hydro-carbons,  very  analogous  to  those  con- 
ed in  coal-tar.     A  specimen  of  wood-spirit,  from  Wattwyl,  in  Switzerland, 

found  by  Gmelin  to  contain  a  volatile  liquid,  differing  in  some  i  expects 
n  acetone,  to  which  he  gave  the  term  lignone,  A  very  similar  substance  is 
sribed  by  Schweizer  and  Weidmann,  under  the  name  of  xylite.     Lastly, 

Scanlan  has  obtainisd  from  wood-spirit  a  solid,  yellowish-red,  crystallizable 
stance,  called  eblanin.  It  is  left  behind  in  the  retort  when  the  crude  spirit 
ectified  from  lime ;  it  is  insoluble  in  watei',  sublimes  without  fusion  at  273^ 
8®'9C),  and  contains,  according  to  Gregory,  CgiHjO^. 


KAKODTL  AND  ITS    COMPOUNDS. 


'he  suDstance  long  known  under  the  name  of  fuming  liquor  of  Cadet,  pre- 
ed  by  distilling  a  mixture  of  dry  acetate  of  potassa  and  arsenious  acid,  has 
Q  shown  by  M.  Bunsen  to  be  the  oxide  of  an  isolable  organic  basyl,  capable 
brming  a  vast  number  of  combinations  displacing  other  bodies,  and  being 
urn  displaced  by  them,  in  the  same  manner  as  a  metal.  The  investigation 
this  difficult  subject  reflects  the  highest  honor  on  the  patience  and  skill  of 
discoverer.  Kakodyl,  so  named  from  its  poisonous  and  offensive  nature, 
tains  three  elements,  viz.,  carbon,  hydrogen,  and  arsenic;  it  may  be  viewed 
i  combination  of  1  eq.  of  arsenic  and  2  eqs.  of  methyl. 

Table  of  the  most  important  Kakodyl- Compounds. 


Kakodyl  (symbol  Kd)  . 

.     C4H^As 

Oxide  of  kakodyl. 

.     KdO 

Chloride  of  kakodyl     . 

.     KdCl 

Chloride  of  kakodyl  and  copper   . 

.     KdCl  4-  CujCl 

Oxy-chloride  of  kakodyl 

.     3KdCl  +  KdO 

Terchloride  of  kakodyl 

.     KdCL 

Bromide  of  kakodyl     . 

.     KdBr 

Iodide  of  kakodyl 

.     Kdl 

Cyanide  of  kakodyl     . 

.     KdCy 

Eakodylic  acid     .... 

.     KdO, 

Eakodylate  of  silver    . 

.     AgO.KdO. 

Kakodylate  of  kakodyl 

.     KdO.KdOg 

Sulphide  of  kakodyl    . 

.     KdS 

Sulphide  of  kakodyl  and  copper  . 

.     KdS-f3CuS 

Tersulphide  of  kakodyl 

.     KdS, 

Sulphur-salts,  containing  tersulphide  of  \KdS,KdS,  —  AuS.EdS. 

kakodyl /CuS,KdS,— PbS,KdS3 

Selenide  of  kakodyl     ....     KdSe 

DxiDB  OF  KAKODYL ;  Cadet*s  FUMING  LIQUID ;  ALKABSIN ;  KdO.  —  Equal 
ights  of  acetate  of  potassa  and  arsenious  acid  are  intimately  mixed  and 
reduced  into  a  glass  retort  connected  with  a  condenser  and  tubulated  re- 
ver,  cooled  by  ice :  a  tube  is  attached  to  the  receiver  to  carry  away  the 
■manently-gaseous  products  to  some  distance  from  the  experimenter.  Heat 
then  applied  to  the  retort,  which  is  gradually  increased  to  redness.  At  tha 
se  of  the  operation,  the  receiver  is  found  to  contain  two  \\«i\i\«\%^  \k«sv.^<^^  ^ 
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quantity  of  reduced  arsenic :  the  heavier  of  these  is  the  oxide  of  kako^jl  h 
a  colored  and  impure  condition ;  the  other  chiefly  consists  of  water,  tM^ 
acid,  and  acetone.  The  gas  given  off  during  distillation  is  principally  cixU^ 
nic  acid.  The  crude  oxide  of  kakodyl  is  repeatedly  washed  by  agitation  w^fk. 
water,  previously  freed  from  air  by  boiling,  and  afterwards  redistilled  tiiik 
hydrate  of  potassa  in  a  vessel  filled  with  pure  hydrogen  gas.  All  these  a^ 
rations  must  be  conducted  in  the  open  air,  and  the  strictest  precantiili 
adopted  to  avoid  the  accidental  inhiUation  of  the  smallest  quanti^  of  «• 
vapor  or  its  products.  * 

Oxide  of  kakodyl  is  a  colorless,  ethereal  liquid  of  great  refiractivo  poww|. 
it  is  much  heavier  than  water,  having  a  density  of  1*462.     It  is  very  di^nv 
soluble  in  water,  but  easily  dissolved  by  alcohol ;  its  boiling-point  appromHI 
S02<>  (150<>C),  and  it  solidifies  to  a  white  crystalline  mass  at  9«>  (-12<'^  j 
The  odor  of  this  substance  is  extremely  offensive,  resembling  that  of  arsenetiii 
hydrogen ;  the  minutest  quantity  attacks  the  eyes  and  the  mucous  memhittt 
of  the  nose :  a  larger  dose  is  highly  dangerous.     When  exposed  to  th«  im 
oxide  of  kakodyl  emits  a  dense  white  smoke,  becomes  heated,  and  eventuii^ 
takes  fire,  burning  with  a  pale  flame,  and  producing  carbonic  acid,  mlblf, 
and  a  copious  cloud  of  arsenlous  acid.    It  explodes  when  brought  into  ooBtiBt 
with  strong  nitric  acid,  and  inflames  spontaneously  when  thrown  into  chlodM 
gas.     The  density  of  the  vapor  of  this  body  is  about  7*5.     Oxide  of  kako^l 
is  generated  by  the  reaction  of  arsenious  acid  on  the  elements  of  acetone,  ctf- 
bonic  acid  being  at  the  same  time  formed ;  the  accompanying  producti  19 
accidental :  — 

2  eq.  acetone,  CgH^Og,  and  1  eq.  arsenious  acid,  As03=l  eq.  oxide  kakl- 
dyl,  C^H^AsO,  and  2  eq.  carbonic  acid,  0-04. 

Chloride  of  kakodyl,  EdCl.  —  A  dilute  alcoholic  solution  of  oxide  if 
kakodyl  is  cautiously  mixed  with  an  equally  dilute  solution  of  corrosive  lal^ 
limate,  avoiding  an  excess  of  the  latter ;  a  white  crystalline,  inodorous  pr^ 
cipitate  falls,  containing  EdO  -|-  2HgCl :  when  this  is  distilled  with  conceB- 
trated  liquid  hydrochloric  acid,  it  yields  corrosive  sublimate,  water,  «bI 
chloride  of  kakodyl^  which  distils  over.  The  product  is  left  some  time  in  cod- 
tact  with  chloride  of  calcium  and  a  little  quicklime,  and  then  distilled  alone 
in  an  atmosphere  of  carbonic  acid.  The  pure  chloride  is  n  colorless  liqai^ 
which  does  not  fume  in  the  air,  but  emits  a  vapor  even  nure  fearful  in  ttl 
effects,  and  more  insupportable  in  odor  than  that  of  the  oxide.  It  is  heavitf 
than  water,  and  insoluble  in  that  liquid,  as  also  in  ether ;  alcohol,  on  tbi 
other  hand,  dissolves  it  with  facility.  The  boiling-point  of  this  compound  il 
a  little  above  212°  (lOO^C)  *  its  vapor  is  colorless,  spontaneously  inflanunsbte 

in  the  air,  and  has  a  density  of  4*56.  Dilute  nitric  aciddii- 
FiK  186.  solves  the  chloride  without  change ;  with  the  concentntcd 
acid  ignition  and  explosion  occur.  Chloride  of  kako(^ 
combines  with  subchloride  of  copper  to  a  white,  insoluUl^ 
crystalline  double  salt,  containing  EdCl  -j-  Cu^Cl,  and  alM 
with  oxide  of  kakodyl. 

Eakodtl  in  a  free  state  may  be  obtained  by  the  aetiM 
of  metallic  zinc,  iron,  or  tin  upon  the  above-described  cos* 
pound.  Pure  and  anhydrous  chloride  of  kakodyl  is  digestiA 
for  three  hours,  at  a  temperature  of  212°  (100®C),  wilt 
slips  of  clean  metallic  zinc  contained  in  a  bulb  blown  upooi 
glass  tube,  previously  filled  with  carbonic  acid  gas,  and  her- 
metically sealed.  The  metal  dissolves  quietly  without  ef«i»* 
tion  of  gas.  When  the  action  is  complete,  and  the  whon 
cool,  the  vessel  is  observed  to  contain  a  white  saline  nMi«i 
which,  on  the  admission  of  a  little  water,  dissolves,  and  Ubt" 
rates  a  heavy  oily  liquid,  the  kakodyl  itself.  This  is  ren- 
dered quite  pure  )o^  d\a\.\\\u\\oTv  ivom  tv  fresh  quantity  of 
xmCf  the  process  being  conducted  \n  Wvc  \\U\e  a^^«.^«A»a  %>QL^^T\.\\SL>2b,%^nakS^ 
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rtioh  ifl  made  fWmi  »  fileee  of  glass  tube,  and  is  intended  to  serre  the  purpose 
hl^  of  retort  and  reoeiTer.  The  lino  is  introduced  into  the  up|;  er  bulb, 
ad  the  tube  drawn  out  in  the  manner  represented.  The  whole  is  then  filled 
nth  eaibonie  add,  and  the  lower  extremity  put  into  eommunication  with  a 
Ettle  hand-qrringe.  On  dipping  the  point  a  into  the  crude  kakodyl,  and 
■sUng  a  riight  moTement  of  exhaustion,  the  liquid  is  drawn  up  into 
As  bdb.  Both  extremities  are  then  sealed  in  the  blowpipe  flame,  and 
iftor  a  short  digestion  at  212o  (lOQoC),  or  a  little  aboTe,  the  pure 
bkodyl  IB  distilled  off  into  the  lower  bulb,  which  is  kept  cool.  It  forms  a 
nIoiIms.  transparent,  thin  liquid,  much  resembling  the  oxide  in  odor,  and 
■ipassing  that  substanoe  in  inflammability.  When  poured  into  the  air,  or 
hlo  oxygen  gas,  it  ignites  instantly :  the  siime  thing  happens  with  chlorine. 
With  very  limited  access  of  air  it  throws  off  whito  fumes,  passing  into  oxide, 
aid  erentoall J  into  kakodylic  acid.  Kakodyl  boils  at  S'6^  (170^),  and 
vken  cooled  to  21^  (-6^*10)  crystallises  in  large,  trannparent,  square  prisms, 
ft  combines  directly  with  sulphur  and  chlorine,  and,  in  fact,  may  readily  be 
Mde  to  fbmish  aU  the  compounds  prcTiously  derived  from  the  oxide.  It 
•OBStitates  one  of  the  most  perfect  types  of  an  organic  ^uMi-metal  which 
dlsBistry  yet  possesses. 

Kakodyl  is  decomposed  by  a  temperature  inferior  to  rerlness  into  metallic 
tnenic,  and  a  mixture  of  2  measures  light  carbonetted  hydrogen  (marsh-gas, 
ijdride  of  methyl),  and  1  measure  defiant  gas.  This  dec(>nip«}8iti»n  connects 
nkodyl  most  intimately  with  the  methyl  series ;  a  connection  which  is  also 
dearly  proTod  by  the  formation  of  small  quantities  of  kakodyl  by  the  action 
of  iodide  methyl  upon  an  alloy  of  arsenic  and  sodium.  Wo  shall  return  to 
tUs  reaction. 

Chloride  of  kakodyl  forms  a  hydrate,  which  is  thick  and  Tiscid,  and  readily 
deoomposable  by  chloride  of  calcium,  which  withdraws  the  water.  In  the 
preparation  of  the  chloride,  and  also  in  otiier  operations,  a  small  quantity  of 
a  red  amorphous  powder  is  often  obtained,  called  erytrarain.  This  is  insoluble 
in  water,  alcohol,  ether,  and  caustic  potnsya,  but  is  gradually  oxidized  by  ex- 
posure to  the  air,  with  production  of  arsenious  acid.     It  contains  CjJi\A\hn^ 

loniDB  ow  KAKODYL,  Kdl.  —  This  is  a  thin,  yelIowii<h  liquid,  of  offensive 
odor,  and  considerable  specific  gravity,  prepared  by  distilling  oxide  of  kako- 
dyl with  strong  solution  of  hydriodic  ncid.  A  yellow  crystalline  substance  is 
ftt  the  same  time  formed,  which  is  an  ozyiodide.  Bromide  and  fiuoride  of  kako- 
dyl have  likewise  been  obtained  and  examined. 

SvLPHiDB  or  KAKODTL,  KdS,  is  prepared  by  distilling  chloride  of  kakmlyl 
Hith  a  solution  of  the  hydrosulpbate  of  sulphide  of  barium.  It  is  a  clear, 
tUn,  colorless  liquid,  smelling  at  once  of  alkarsin  and  mercaptan,  insoluble  in 
Crater,  and  spontaneously  inflammable  in  the  air.  Its  boiling-point  is  high, 
Vat  it  distils  easily  with  the  vapor  of  water.  The  substance  dissolves  sulphur, 
tad  generates  tersulphide  of  kakodyl,  KdSg,  which  is  a  sulphur-acid,  and 
combines  with  the  sulphides  of  gold,  copper,  bismuth,  lead,  and  antimony. 

Ctavidb  of  KAKODTL,  EdCy.  —  The  cyanide  is  easily  formed  by  distilling 
alkarsin  with  strong  hydrocyanic  acid,  or  cyanide  of  mercury.  Above  (11^ 
<32*-7C)  it  is  a  colorless,  ethereal  liquid,  but  below  that  temperature  it  orys- 
tallises  in  colorless,  four-sided  prisms,  of  beautiful  diamond  lustre.  It  biiils 
at  about  284<*  (140^:;),  and  is  but  slightly  soluble  in  water.  It  requires  to  be 
heated  before  inflammation  occurs.  The  vapor  of  this  substance  is  most 
fearfully  poisonous :  the  atmosphere  of  a  room  is  said  to  be  so  far  contami- 
nated by  the  evaporation  of  a  few  grains,  as  to  cause  instaqtaneons  numbness 
ef  the.  hands  and  feet,  vertigo,  and  eyen  uncofiHoiousnoss. 

Kakodtlic  acid  (alkabqen)  ;  KdOg.-<-Thi8  \n  the  ultimate  product  of  the 
action  of  oxygen  at  a  low  temperature  upon  kakodyl  or  its  oxide  *  it  is  best 
prepared  by  adding  oxide  of  mercury  to  that  substance,  covered  with  a  layer 
if  irater,  and  ar(ifioiai)y  Qool^d,  unti)  the  mixture  loses  all  odoT«  axid  a.^T-. 
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wards  decomposiog  any  kakodjlate  of  mercary,  that  may  haTe  been  formed, 
by  the  cautious  addition  of  more  alkarsin.  The  liquid  furnishes,  by  eTapora* 
tion  to  dryness  and  solution  in  alcohol,  crystals  of  the  new  acid.  The  sul- 
phide, and  other  compounds  of  kakodyl,  yield,  by  exposnre  to  air,  the  samt 
substance.  Kakodylic  acid  forms  brilliant,  colorless,  brittle  eiystals,  which 
have  the  form  of  a  modified  square  prism ;  it  is  permanent  in  dry  air,  but  de- 
liquescent in  a  moist  atmosphere.  It  is  very  soluble  in  water  and  in  aleohol, 
but  not  in  ether :  the  solution  has  an  acid  reaction.  When  mixed  with  alka- 
lies and  evaporated,  a  gummy,  amorphous  mass  results  With  the  oxides  of 
siWer  and  mercury,  on  the  other  hand,  it  yields  crystallizable  eompoonds.  It 
unites  with  oxide  of  kakodyl,  and  forms  a  variety  of  combinations  with 
metaUic  salts.  Alkargen  is  exceedingly  stable ;  it  is  neither  affected  by  red, 
fuming,  nitric  acid,  aqua  regia,  nor  even  chromic  acid  in  solution :  it  may  be 
I  Tiled  with  these  substances  without  the  least  change.  It  is  deoxidiied, 
however,  by  phosphorous  acid  and  protochloride  of  tin  to  oxide  of  kakodyl 
Dry  hydriodic  acid  gas  decomposes  it,  with  production  of  water,  iodide  of 
kakodyl,  and  free  iodine;  hydrochloric  acid,  under  similar  circumstanees, 
converts  it  into  a  corresponding  terchluride,  which  is  solid  nnd  crystallixable. 
Lastly,  what  is  extremely  remarkable,  this  substance  is  not  in  the  least  degree 
poisonous. 

Parakakodtlio  oxide. — When  air  is  allowed  access  to  a  quantity  of  alkir- 
sin,  so  slowly  that  no  sensible  rise  of  temperature  follows,  that  body  ii 
gradually  converted  into  a  thick  syrupy  liquid,  full  of  crystals  of  kakodyMf 
acid.  Long  exposure  to  air,  or  the  passage  of  a  copious  current  through  the 
mass,  heated  to  158°  (70°C),  fails  to  induce  crystallization  of  the  whole.  If 
in  this  state  water  be  added,  everything  dissolves,  and  a  solution  resalta 
which  contains  kakodylic  acid,  partly  free,  and  partly  in  combination  with 
the  oxide  of  kakodyl.  When  this  liquid  is  distilled,  water,  having  the  odor 
of  alkarsin,  passes  over,  and  afterwards  an  oily  liquid,  which  is  the  new 
compound.     Impure  kakodylic  acid  remains  in  the  retort. 

Parakakodylic  oxide,  purified  by  rectification  from  caustic  baryta,  is  a  color- 
less, oily  liquid,  strongly  resembling  alkarsin  itself  in  odor,  relations  to  sol- 
vents, and  in  the  greater  number  of  its  reactions.  It,  however,  neither  fumes 
in  the  air,  nor  takes  fire  at  common  temperatures ;  its  vapor  mixed  with  air, 
and  heated  to  190°  (87°-8C),  explodes  with  violence.  By  analysis,  it  is  found 
to  have  exactly  the  same  composition  as  ordinary  oxide  of  kakodyl. 
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In  the  manufacture  of  spirits  from  saccharine  liquids  derived  from  the  vege- 
table kingdom,  ethyl-alcohol,  the  principal  product  of  the  fermeotation,  is 
always  accompanied  by  certain  acrid  volatile  oils,  generally  called  fwd-cSMt 
which  are  very  difficult  to  separate.  These  oils  consist  of  various  substances, 
but  almost  invariably  contain  compounds  which  are  analogous  to  methylie 
and  ethylic  alcohols. 

The  fusel-oil  of  the  marc-brandy  of  the  south  of  li'rance,  according  to  the 
researches  of  M.  Chancel,  contains  several  alcohols,  which  boil  at  differoit 
temperatures,  and  may  be  separated  by  distillation.  By  repeatedly  rectify- 
ing the  first  products  obtained  in  the  distillation  of  this  fusel-oil,  a  substance 
is  at  last  procured,  which  boils  at  240°-8  (96oC),  and  the  composition  of 
which  is  represented  by  the  formula  CgHgOjzrz  CjH^O, HO.  This  substance 
stands  to  ethylic  alcohol  in  the  same  relation  in  which  the  latter  staiMli  *9 
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methylic  alcohol.  Chancel  designates  this  compound  as  trityl-alcohol,  or 
hydrated  oxide  of  tritjl.  We  prefer  the  name  propylic  alcohol,  or  hydrated 
oxide  of  propyl.  Propylic  alcohol  is  very  soluble  in  water,  but  does  not  dis- 
solve in  that  liquid  in  all  proportions.  This  substance  possesses  all  the  pro- 
perties of  an  alcohol :  heated  with  concentrated  sulphuric  acid,  it  yields  a 
eoigugate  acid  analogous  to  sulphovinic  acid,  the  potassa-salt  of  which  has  the 
formula  CeH.O,SO,,KO,SO,. 

Propylic  alcohol,  when  submitted  to  the  action  of  dehydrating  agents,  such 
as  sulphuric  or  phosphoric  acid,  will  probably  yield  the  hydrocarbon,  C^H^, 
analogous  to  defiant  gas.  This  hydrocarbon  propylene  is  known ;  it  is  ob- 
tained by  a  variety  of  processes  (see  below),  and  especially  from  glycerin, 
among  the  derivatives  of  which  it  will  be  noticed. 

Berthelot  has  observed  that  this  hydrocarbon  propylene,  C^H^,  dissolves  in 
sulpborio  acid,  and  that  this  solution,  when  diluted  with  water  and  distilled, 
furnishes  propylic  alcohol. 

Pbopionio  acid. — Under  the  influence  of  oxidizing  agents,  propylic  alcohol 
iindei^oes  a  change  similar  to  that  of  ordinary  alcohol.  It  is  converted  into 
an  acid  analogous  to  acetic  acid,  which  is  called  propionic  acid.  This  sub- 
atance,  which  contains  €511^04  =  C^H^O^  HO,  is  a  colorless,  transparent  liquid, 
of  a  peculiar,  somewhat  pungent  odor,  similar  to  that  of  acetic  acid.  It  boils 
at  287^  (142^C).  Propionic  acid  is  soluble  in  water,  and  is  separated  again 
from  this  solution  by  the  addition  of  chloride  of  calcium  or  phosphoric  acid. 
With  the  metallic  oxides  it  forms  crystalline  salts,  which  are  soluble  in 
water. 

The  baryta-salt,  BaOjC^H^O.  -|-  Aq,  is  very  soluble  in  water,  tolerably  soluble 
in  spirits  of  wine,  and  nearly  insoluble  in  absolute  alcohol.  Submitted  to  dry 
distillation  it  yields  propione  (Morley).  The  occurrence  of  this  substance 
among  the  products  of  the  dry  distillation  of  the  acetates  has  been  already 
noticed,  p.  397.  Propione  treated  with  oxidizing  agents  is  reconverted  into 
propionic  acid.  This  acid  is  also  formed  by  the  action  of  hydrate  of  potassa, 
in  a  melted  state,  upon  sugar,  and  is  among  the  products  of  fermentation  of 
glycerin.  The  formatioh  of  propionic  acid  by  the  action  of  potassa  upon  cya- 
nide of  ethyl  has  been  already  mentioned,  p.  372.  Quite  recently  Mr.  Wanklyn 
has  observed  that  potassium- ethyl  (see  page  386)  absorbs  carbonLn  acid  with 
formation  of  propionate  of  potassa,  EC4H5  -|-  2C0g  sss  KO,C|HgO.. 
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Allyl  series.  —  In  the  preceding  paragraphs,  the  hydrocarbon  propylene, 
CfH^  has  been  repeatedly  mentioned.  This  hydrocarbon  was  originally  ob- 
served by  Captain  Reynolds,  who  produced  it,  together  with  other  hydrocar- 
bons, by  the  destructive  distillation  of  fusel-oil.  Reynolds  prepared  several 
of  the  derivatives  of  this  compound,  especially  the  products  CgH^Cig,  C^ H^ Brg, 
and  C^UgPl  and  C^ HfBr.  He  pointed  out  the  close  relation  of  these  latter  com- 
poonds  with  the  essential  oils  of  garlic  and  mustard,  that  they  might  be  con- 
sidered as  chloride  and  bromide  of  allyl,  C^U^,  the  radical  generally  assumed 
in  these  oils,  and  that  the  action  of  these  substances  upon  sulphide  and  sul- 
phocyanide  of  potassium  would  probably  lead  to  the  artificial  production  of 
garlic-oil  and  mustard-oil.  The  difficulty  of  procuring  the  chlorine-  and  bro- 
mine-compounds by  this  method  in  sufficient  quantity  and  purity,  prevented 
Reynolds  from  estabjishing  by  experiment  the  relation  which  he  had  pointed 
out.  A  new  source  of  propylene-compounds  has  since  been  opened  by  MM. 
Berthelot  and  De  Luoa,  who  have  found  that  the  action  of  iodide  of  phosphorus 
apon  glycerin  gives  rise  to  the  formation  of  an  oUy  body,  which  is  the  iodidt 
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vtrdi  dccmapomaf  *n;  knkodjUle  of  mere  or?,  tbat  mi 

b;  Ihe  onutiouB  addi^un  nf  marc  slknriiii].      TliB  liquid  ' 
lion  to  drrness  sod  aolnlioo  in  aloohol,  ory^Uls  uf 
pblde.  ftad  other  compaunds  of  kskod<il,  jield,  bj 
^ubstBDce,     Knkodflic  acid  fomu  briHinDt,  0019'' 
liaTe  the  fona  of  ■  modified  equal's  prisni ;  II  it 
liquescfPt  in  ■  molit  stmaiphtre.     It  is  ler^ 
but  Dot  id  eiber :  the  laluIioD  has  fto  aeid  r 
lies  and  eiaporalod,  a  gumm;.  amorphaur' 
rilier  and  mereurj,  on  the  otber  band,  ' 
nnitH  with   oxid«   of  kskodvl,   and  f 
metaUic  ea.UK.     Alkargea  i«  vioeeilir 
fuming,  nitric  acid,  aqua  ngi*,  dot 
1  ^riled  vitb  Uiesa  subetaneo  wil* 

r,  b;  phoEphuroos  aeid  ar 
Dt;  kjdriodia  aoiit  gu  dcoonr 
kakodjl,  and  free  iodine;  h- 
oonrertB  it  into  a  ooiroapund' 
Last);,  «bit  is  eitremclyr  '       ^  or 
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Pakakaiodtltc  OXIO' 
nn.    »  bIowIj  that  »    ,t  treated  with  dry  ammonia,  snffers  etacll;  the 
gradual);  oan'<rerted  I  juls  of  eth;!  (page  374),  beiiif  conierted  into  ai«] 
acid.     Long  expoan- ^li't  alcohol. 
msf  s,  heat^  to  Ily 
in  (his  atalB  «»'  ■ .     +      NH,      ^ 
which  tmiMa»jy 

the  oiid«  «ir  >  it^l-  Oxamide. 

of  alkarein.   ^' 

K^  iB  a  colorless,  rerj  mobile  liqtud,  soluble  in  water  in  all  piv 

J  boilB  at  217"  (I03°C).     It  has  a  slight!;  acrid  odor,  reM 

It  dJMoNes  polasaium  with  eioiudon  of  hydrogen,  being  M 

J  |rial)iioiu  maES,  which  is  Tiolent);  attacked  b;  iodide  of 

taam  and  all;lio  ether  being  produced. 

K0.C,11fi  +  C,H^     =     KI  +  2C,IT.O. 

^  allTl-aleohoI  with  chloride.  bt«mide,  and  iodidL 

ilorie,  hjdrobrotnic,  and  hjdriodic  elher  of  llie  a 

AUjIio  alcohol  diraolres  in  concentrated  eulphoric  acid,  prn'dudl 
1  acid  similar  to  Bnlphoiinic  acid,  which  forms  cr;BtaIliiable  nlM 
.  b;  the  general  formala  C,H.O,SO^MO.SCt      Allylio  alcobol  k 
attacked  b;  oxidiiing  ageata.     A  miilnre  of  bichromate  of  potaMI 
"-  actd  nets  with  eilmoniinary  *iolence.  giving  rise  to  the  fomar' 
B  and  acr;hc  acid,  the  aldehyde  and  the  acid  of  the  serie*  H 
^_.    hlnek  produoes  the  rame  effects.     The  compound  ethers  of  aliylic  ateob 
^  be  obtained  b;  the  processes  which  hiTe  furnished  the  correapOnfM 
^3  of  the  elh;l.serie^  or  frequently  more  conveniently  by  the  action  0 
j^jB  01  alljl  on  the  ailier  saltf<  of  the  acida.     The  acetate,  benioatt  hi  "^^ 
itt,  and  cjanatB  have  been  thus  obtained. 

The  >*dical  of  this  series  C,H^  which  is  an  oily  substance,  boiling  at  a  bi^ 

ipmturo,  hag  been  lately  isolated  by  Berthelot  and  De  Laco.     It  il  ^ 

led  by  the  action  of  sodium  npon  iodide  of  nllyl. 

^""V""'"'^  *^BTi..c  Acn—When  a  neubal  fat  is  subjected  to  de«n»-. 

disUllalion. ,(  furnishes,  as  ba,  been  already  mentioned.  „, on g  other  pn- 

iTel;  Totanle  acrid  subsUnee,  which  attacks  the  eye*  and  dM 

ineDua  membrane  of  the  nose  most  distreaaingly.     As  the  neutna  fats  iltM 


B  of  phosphon^ 
cries  are  readil 
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Ud  tfcia  bodj,  and  tha  tkttj  aeida  narer,  it  U  knowD  to  ariaa  from  the  ele- 
wnta  of  tbaglyoaria;  and  g:l;eerin  iCHlfDndar  certain  airciimBtuices  maybe 
■ade  to  prodaoa  aorolain  abniidanU;.  It  ia  baat  prepared  by  diatilliDg  glj- 
•rin  vidi  bianlphate  oT  potaaaa ;  both  the  prcparatioa  aod  pnriSaatioii  are 
ttaadad  with  graat  diffioaltiec 

Para  aoTokda  ia  a  thin,  Boloriaaa,  highly-Tolatile  liquid,  lighter  than  water, 
ind  boiling  at  126°  f  62°-9C).  Ita  rapor  ia  irritating  beyond  desoription.  It 
a  ipwlDBly  Mluble  m  water,  fl-aely  in  alcohol  and  elher.  According  to  M. 
Mtanbooher  it  aontaina  C,II,(^ 

AenWn,  bT  kee^ng,  nndergoea  partial  dacompotmoo,  yielding  a  white, 
loenlaal,  ini&fferent  body,  diiaeryU;  the  aame  substanca  is  sometimes  pro- 
lM«d  tagrtbw  with  MT7lio  awd  bynipoiarfl  to  the  air.  In  contact  with  alkn- 
fai^MHdeiiLMiffanTioleBtdMOinpBdtion,  producing,  like  aldehyde,  aresinoiui 
tfiij.  Whan  expoaad  for  aome  time  to  the  air,  or  when  mixed  with  oxide  at 
Anr,  aerolein  oxidinM  with  avidity,  and  paBaea  into  aaylu!  acid,  which 
Mmblaa  in  Tery  many  particulara  acetic  and  propianio  acids;  it  contains 

Aorolain,  allyUo  alcohol,  and  acrjlio  acid  stand  to  each  other  in  the  same 
nluion  whiah  obtuna  between  etbylio  alcohol,  aldehyde,  and  acetic  acid. 
He  ual(^  of  the  Metyl-  and  allyl-Beries  becomes  obTioos  by  the  following 
■Jtopeia:  — 

AloDhol        .         .     C^HiO,  Allylic  alcohol  .         .     C,afi, 

Aldehyde     .        .     Cfifi,  Acrolun  .        .     C^H.CL 

Aoetie  aoid .       .    C^HtO^         Acrylio  add  .    C^EI^O^ 

The  following  table  representa  the  prindpal  allyl-aompooDda :  — 

Aiiji  ....:...    .  CH, 

Wylioileohol C,H,O,H0 

Allylic  ether CjHjO.C.H.O 

Etbyl-kllylio  ether C,ll,0,C,[I,0 

Odoida  of  allyl CgH^Cl 

Biomidv  of  aOjl *,        ,  C.H.Br 

Iodide  of  all^  C,E],[ 

Solphide  of  alt^  (garllo  oil) Cgll^S 

HydroBolphide of  Bulphide  of  allyl  (altyl  meroftptan)  C,II,8.US 

SnlphoHijuide  of  allyl  (mnatard  oil)    ,        ,        .  CgH.S.C.N^ 

Carbonate  of  aUyl C.U.O.CO, 

AoeUte  of  allyl C^HsO.CjH.O, 

Chelate  of  allyl C,){,0,C,0. 

Sn^hallylia  add C,iIiO,S(VH0.80^ 

Fn^ylene C,H, 

Aaralrin,  MOjlio  aldehyde C,I1,0, 

Aoylio  aeid CgUgCVHO 

VtOTTLmaa  aloobol  ob  rnoFTiHiLTaoL. — By  aabmitting  bromide  of  propy 
^U,  CLIIiBr,  to  the  Buccession  of  processes  which  baie  been  mentioned 
*iderlheaead  of  etbylene-alcobol,  M.  Wnrti  hae  obtuned  the  biatomic  aleo- 
^  CJBfi^.  It  is  a  liquid  bailing  at  870°  [18S°CJ,  which  by  alow  oxidation 
hwnerted  into  lactio  acid  C,B,0,  (see  pa.ge  368),  corresponding  to  the  gly- 
nGo  add  of  the  ethylene-series. 

C^HjBr,    +     2(AgO,C,H,0,)       =      C,H^,2C4H^    4-    2AgBr 

Bramlde  of        Acetate  of  silTer.  Aoetale  of  propyl- 

pnpyUiie.  ^yooL 
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C^|l.  camsponding  to  the  chloride  •□!]  bromide  sbo' 
The  btst  proportions  for  )>rodDeing  this  compound  Hr»,  200  puis 
iodide  of  phosphorua  uid  57  p«rts  of  gljcerin.  By  mbmitting  Ihii  iodii* 
the  BFtioD  or  enlpbocjknide  of  potaasinm.  MM.  Berlhelot  and  Dk  Luch' 
•ctuatlj  prodaCEd  oil  of  □iiL<tsrd  with  all  its  properties.  Treats '  '"  * '  " 
iodide  of  illjl  is  conTerled  into  &  bromide  of  the  rormolti  C,H,    , 

The  cliwe  analofor  of  oil  of  farlio  uid  oil  of  mostard.  sulphide,  and  ia1pl 
OTUiide  of  allfi  with  enlphide  and  enlphocTanide  of  ellijl,  rendered  il  p    '  ' 
thai  the«e  two  mbstanoes  might  be  denied  (rom  u)  alcohol  analogona 
moo  ftlcohoL     This  alcohoi  bis  been  lately  disGovered  b;  Cahonra  and  Bi 

Ai^TMc  AtcoBoi Iodide  of  alljl  (iodide  of  propiooyle.  tbe  iodine- 
pound  obtained  from  glycerin),  dic^otred  in  dry  ether,  and  sabmitted  U 
•etion  of  oialale  of  stlier,  furnishes,  together  with  iodide  of  sUier,  ai 
Uqoid  boiling  at  41M=  {207-0). 

AgO,C,0,        +         C,H,I         =         Agl       +         C,H.0,(V3^ 


Oxalate  of  allyl.  when  treated  with  dry  aoinionia,  enffera  eiBotly  the 
decompoailion  as  oialale  of  ethyl  (page  374),  bein;  conTerted  into  Axai 
Wilb  aeparation  of  alijlio  alcohol. 

C,Hfi,C/\      +      NH,      =      NH,CA      4-      C!,II,0,HO 


Oxalate  of  allyl. 


Oiamide.  Altylic  alcohoL 


AUylio  alcohol  is  a  colorless,  rery  mobile  liquid,  soluble  in  water  in  all 
Mrtions,  which  boils  at  217°  <!03°C).  It  has  a  slightly  acrid  odor,  m 
oling  mustard,  ll  dissolres  potassium  with  eiolation  of  hydrogen,  being 
Ter^  into  a  gelatioous  mtis).  which  is  Tiolenlly  attacked  by  iodide  of  I 
iodide  of  potassium  and  allylic  ecber  being  prodaced. 

KO.C^H.O  +  C,H,I     =     E  +  2C,R,0. 

By  distilling  allyl-alcohol  with  chloride,  bromide,  and  iodide  of 
the  hydrochloric,  hydrobromic.  and  bydriodic  elher  of  the  aerie 
obtained.  AUylio  alcohol  dissoWes  in  eaneentrated  sulphuric  aoi 
a  conjugated  acid  similar  to  sulphoiinis  acid,  which  forms  crystaUuahla 
reprewnted  by  the  general  fonnnla  C,H,0,  SO,  MO,SO-  AUyKo  ale  ' 
powerfully  iltacked  by  oiidiiing  a^Dta.  A  mixture  of  bichromate  of] 
and  sulphurio  acid  nets  with  extraordinary  lioleace,  giving  rise  to  the  UK 
tion  or  acrolein  ood  acrylic  acid,  the  aldehvde  and  the  acid  of  the  serin.' 
tinum  btnck  produces  the  same  effect!.  The  compound  ethera  of  Bltylk  ale 
may  be  obtained  by  the  proceraea  which  haie  furnished  the  commtn 
s  of  the  ethyl-series,  or  fVequeotly  more  conTeniently  bj  tbe  afilloi 
n  the  nlier  sails  of  the  acids.  The  acetate,  beuoal)^  | 
PS  been  thus  obtained. 

■■  C.H^  which  is  an  oily  substance,  boilingatkL 

y  isolated  by  Berlh^lol  and  De  Lucft.     It  II 

Aom  upon  iodide  ofAllil. 

'  "D- — When  a  neutral  fal  is  fnbjecied  to  dt*l 

IS  has  been  already  mentionnl,  among  otiw: 

nee,  which  attacks  the  eyetm 

it  dtstresaingly.     As  the  neutral  (Ui^ 
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ylold  tUa  bod?,  and  the  f>tt;  Mtda  neier,  it  is  bDevn  to  ariae  from  the  •!■- 
maota  of  the  gljoaria ;  and  glycerin  itself  ander  cert«ia  oiroumatancea  maj  be 
nude  to  produoe  aorolein  abund&at!;.  It  is  beat  prepared  bj  diBtilUng  gly- 
oerin  with  bigulphaie  of  potaaaa;  both  the  preparation  and  porifioatioD  are 
attended  with  great  difficnitiea. 

Pare  aorolein  is  a  thin,  oolorlesa,  bighly-Tolatile  liquid,  lighter  than  water, 
•nd  boiling  at  126°  (62'''K].  Its  vapor  is  irritating  beyond  deaoription.  It 
is  aparingly  aolnble  in  water,  freely  in  alcohol  and  ether.  According  to  H. 
Bedtanbaoher  it  aontains  CfH^O^ 

Aorolein,  by  keeping,  undergoes  partial  decompoaltion,  yielding  a  white, 
Seeenlent,  indifferent  body,  duacryh;  the  same  Bubetaace  ia  aometimea  pro- 
daoed  ti^ether  with  aetylio  aoid  by  exposure  to  the  air.  In  contact  with  alka- 
liea,  aoMileiii  ioffen  riolent  decomposition,  producing,  like  aldehyde,  a  resinona 
body.  When  exposed  for  some  lime  to  the  air,  or  when  mixed  with  oxide  of 
■ilTer,  aorolein  oiidites  with  aTidity,  and  passes  into  acryiie  aoid,  which 
resenblea  in  very  many  particulars  acetic  and  propionio  acids;  it  contains 
C,H,(VHO. 

Acralritt,  allylia  alcohol,  and  ncr7Uo  acid  stand  to  each  other  in  the  same 
relation  whioh  obtains  between  etbjUo  alcohol,  aldehyde,  and  acetio  aoid. 
The  analogj  of  the  acetyl-  and  allyl-Beries  becomes  obnoos  by  the  fotlowing 
■jnepsiB:  — 

Aloohol  .     C,H,<:^  Allylig  alcohol  .         .     CtH^O, 

Aldehyde     ,         .     C.H.O,  Acrolein  .        ,     C,H^O, 

Aoetio  aoid  .         .     Cfifi^  Acrylio  add  .     Cfifl^ 

The  following  table  represents  the  principal  allyl-eompoDDds :  — 

Allyl     ....'.....  fi,H, 

Allylic  alcohol C,ll,0,HO 

AJlyUo  ether C,H,0,C,H.O 

Ethyl-aUyUe  ether C,H,0,C,H(0 

Chloride  of  allyl C.Hja 

Bromide  of  allyl *  .  .  C,H,i!r 

Iodide  of  alljl  C.H.l 

BBlphideofallyI{earliooU) C,ll,8 

HTdrosnlphide  of  aolpblde  of  allyl  (aUyl  meroaptan)  C,H,S,  US 

Snlpho-oyanide  of  allyl  (mustard  oil)    .        .        .  CiHjS,C,N9i 

Carbonate  of  alljl C,l),0,CO,  , 

Acetate  of  allyl C,H,0,C,H-0, 

0«alat«  of  altyl C.ll.O.C.O, 

BnlphaDylio  add C,H.O,SU..HO,SO, 

Propylene C,H, 

Aarolein,  aet^rlio  aldehyde Cgll^O, 

Aorlio  add CVH,OrHO 


FBOrTLKn  AHWBOL  Oft  r>OFTT.^LTCoi.. — By  aabmittiDg  bromide  of  propy 
■■  boe,  CplIaBr^  to  the  aaeeessioD  of  proceesea  which  bare  been  mentioned 
.  inderua  headed etbylene^^loohol,  M,  Wnrti  has  obtained  the  biatomic  aleo- 
:    hoi,  CfiPf    It  ia  a  liqnid  boiling  at  870°  (18S<>C},  which  by  slow  oxidation 

b  OMBTartad  iirto  lactic  aoid  G^B/),  (see  page  3(t6),  corresponding  to  the  gly- 

Mb  kod  c(  the  etbylcne-aeriea. 


C^B^Br.    +    2(AgO.C.H,(\)      =      C;H^2C,[^0,    -f    2AgBr 

llid»H«  it        Acetate  of  nlTor.  Acetate  of  propyl- 

fn^te*.  flyeoL 


oil4  BUTTLIO    ALCOHOL. 

C,H«0„2C,H,0,      +      2K0II0    =    C,H/^2H0    +     2;K0,C,H/),) 


I 

■ 

I 

I 


Qltckbim. — In  the  paragraph  on  lh«  alljl-series  so  oil;  bromine  «o[ 
C^H,Br,.  haa  been  mentioned,  nhicb  is  formed  b;  the  action  of  bromine  upn 
Iodide  of  ftlljl.     Thia  aubatanco,  tribromide  of  at)jl,  when  submitted  to  iha 
kdtioD  of  aoetste  of  ailier,  fumiBhes  a  new  acetate. 

C,H,Br,    +     3(AgO,C,H,0^     =     C,H,0,  +  3C.H,0, -+    SAgBi 

Wbro-  Now  acetate, 

nide  of 
alljl. 

The  acetate  boiled  with  potasaa  ftamiBbeB  giTcerin,  a  bod;  of  BlMbat! 
deportment,  widely  diffnaed  in  natare,  whose  Tarions  oompoimd  ethen  ( 
■titnte  the  eilensive  gronp  of  fattj  bodieH. 


C,H.(V3C<lT»0i    +    3(K0,H0) 


+    8(KO,C,H,OJ^ 


Gljoeri 


Q1;ceriD,  which  will  be  more  fallj  described  i 
bodiee,  jielda,  wben  Babmitt«d  to  the  actioD  of 
gljcerie-acid,  CgH,Op 

Gtjcerin  is  the  tjpe  of  a  Jriatomic  alcohol.  It  is  extremely  probable 
eorreaponding  alcohols,  C,H0^3H0,  and  0,11,0.3110,  will  be  diacoTered 
the  methyl-  and  etbjl-aeriea.  Chloroform,  CjUCIj,  bromoform,  C^HBr,, 
iodoform,  C,HI^  may,  in  fact,  be  tiewed  aa  the  hydrochlorio,  hjJroV— 
and  hydriodio  ethers  of  methyl-glycerin. 

The  propyl-eeries  is  remarkable  for  iU  numerous  nspresentatiiM  ofl 
^pe  aloohol. 


Propylio  alcohol,  C«HbO, 
Fropylene-aloohol,  CfH^O, 
Qljceria  aicohol,  C,H^( 
AUjUa  alcohol,      C^Bfi^ 


—    CfH,0,HO  (Monatomie). 
=    C-H,0,.      2H0  (Bialomio). 
=    C,H,0„8H0  (Triatomio). 
=    C^H,0,HO  iSeeondory 
aloohol}. 


BimLlo  AlAOnoi,. — Thif  snbstanoe  has  been  found  by  M.  Wnrti  to  h«  | 

Bent  in  the  fnsel-oil  obtained  by  fermenting  the  molasses  of  beet-root  aii| 
In  order  to  obtain  it,  the  potato-oil  ia  aubmittcd  to  frnclional  diatillatiim, 
the  liqnid  boiling  between  226°  and  244°  (108°  and  1I8C)  repeatedly  rccd 
OTer  hydrate  of  potnssa,  nntil  the  boiling-point  becomea  conatitnt  at  21i 
(109°C).  Pure  batylic  alcohol  ia  a  aolorlesa  liquid,  of  a  powerful  odor,  iig 
than  water,  in  whicb  it  diasolies  to  a  oertaia  extent.    Ita  formnla  is  €,H, 


AMYLIC    ALCOaOL.  415 

C,H,0,HO,  i.  e.,  hjdrated  oxide  of  butji.  With  aulptiunc  acid  it  Turnislios  a 
eoqjugfite  acid,  annlof^ua  to  snlpbovinic  aoid,  the  poLisea-sait  of  whioh  con- 
tainB  C^,0,S0„K0,80^ 

Butjiio  alcohol  has  bean  lately  minntely  eiamined  by  M.  Wortz,  who  bns 
prepnred  the  ether  of  tbis  series,  C,1I,0;  the  hydrooarbeii  hutyitnr,  C,Bp  an 
eilremely  volatile  liquid,  which  had  been  previously  obeerTed  as  a  very  geoe' 
ral  product  ot  the  aatioa  of  heal  upon  orgaDlo  bodies ;  eklotide  of  hulyl, 
C,H,C1,  &D  ethereal  liquid  of  pungent  odor,  boiling  at  158°  (70°G) ;  bTomide  of 
butyl,  CgH,Br,  boiling  at  192'''2  [BS'-C) ;  and  iodide  of  butyl.  C,Hi,  boiling  at 
250°  (121°G).  If  iodide  of  butyl  be  submitted  to  the  action  of  potaBsinm, 
■everal  eompounda  nro  generated;  Che  principal  product  of  vhich  ie  butyl, 
tbe  radical  of  the  eeriea.  Butyl,  C,H^  irhioh  is  also  produoed  by  the  electro- 
lysis  of  valeric  acid,  (see  p.  419),  is  a  colorless,  trauspsrent  liquid,  lighter 
than  water,  boiUng  at  221°  ^105°C).  When  fused  with  potassa,  or  snhndtted 
to  the  nation  of  oUier  oxidiiing  agents,  batylio  alcohol  is  conTerted  into  buty- 
ric acid,  CgH.O,  =  C.HjO,  HO,  which  has  been  noticed  already  in  page  869, 
•sd  which  will  be  mentioned  again  in  tbe  eeotion  oti  Oils  and  Fats. 

BitTTKio  ACID,  when  pure,  is  a  thin  colorless  liquid,  of  pungent  rancid 
odor  and  sour  tnste.  It  is  misoible  in  all  proportions  with  water  and  alcohol. 
Its  density  is  0'!)63,  and  it  boils  and  distils  unchanged  at  327°  (1G1°C).  It  is 
attacked  by  chlorine,  with  production  of  oxalic  aoid  and  of  a  chlorinelted 


Butyric  acid  has  acqaiied  a  certain  degree  of  importance  from  tbe  curioiu 
diaooiery  of  MM.  Pelonie  and  Oells,  that  sugar,  under  particular  circum- 
*  ilBiiaeB,  is  susceptible  of  becoming  converted  into  that  subatanoe,  A  tolerably 
strong  solution  of  common  sugar  miied  with  a  small  quantity  of  casein  and 
»ome  chalk,  and  exposed  for  some  lime  to  a  temperature  of  96°  (36°C).  yields, 
by  a  species  of  fermeotatioQ,  in  which  tbe  casein  i9  the  active /«rni«nl,  a  large 
anlouat  of  butyrate  of  lime ;  carbonic  acid  and  hydrogen  gases  arc  evolved 
during  tbe  whole  period.     This  change  may  be  thus  expressed :  — 

C„H^O„    =    *H0    +     8H    +     SCO,    +     2(C.H,0.,H0) 

Qrapo-flugar.  Butyric  acid, 

Tha  mixture  directed  for  lactic  acid  answer.^  well  (see  page  368) :  lactate  of 
lime  is  first  formed  in  targe  quantity,  and  afterwards  gradnally  dissolved  and 
oonverled  into  butyrate,  which  may  be  decomposed  by  sulphuric  acid  and  dis- 
tilled, Tbis  is  an  exceedingly  interesting  case  of  the  half-artificial  formation 
of  an  animal  product.  Butyric  ether,  AeO,C,H^Oy  is  a  hquid  of  a  fragrant 
pine-apple  odor.     It  is  sometimes  used  in  confectionary. 


In  the  mannfacture  of  potato-brandy  the  crude  spirit  is  found  to  bo  contv 
tninated  with  an  acrid  fuiel-oil,  which  is  extremely  difficult  to  separate  in  a 
complete  manner.  Towards  the  end  of  the  distillation,  it  passes  over  in  con- 
Biderable  quantity;  it  maybe  collected  apart,  agitated  with  several  successive 
portions  of  water  to  withdraw  tbe  spirit  witb  which  it  is  mixed,  and  redis- 
tilled. According  to  the  researches  of  M.  Cahours,  this  substance  exhibits 
properties  indicative  of  a  constitution  analogous  to  that  of  nlcohol ;  it  may 
be  considered  as  the  hydrate  ai  the  oiide  of  tbe  hydrocnrbon,  called  amyl. 
containing  C|eH|j.  The  ether  of  potato-oil,  and  a  variety  of  other  compounds, 
corresponding  in  every  point  to  those  of  ordinary  alcohol,  have  been  farmed, 
BE  will  be  muiifeet  from  an  inspection  of  the  following  table ;  - 


AUYLIO    ALOOnOL 

Amj  (njmbol  Ajl)        .... 

Amyl-ptlior 

Ilfdriilv  of  anij'l 

PaUto-oU 

Cblnrldi  at  unfl  ..... 

Broiolii*  or  ftuiyl 

loditlg  of  uo;t i;, 

Ziuo-Bmyl C| 

AcotaiB  of  am;) C, 

i!ulfiliam}'lia  noid C| 

Atiijli.nB C, 

Aniijrilruu*  vnlario  »cid C, 

Vklerio  aaiJ Cj 


„II,,O.HO 

,ji,,a 
"h"T 

.,H,,O.C,H.Oi 

,ri,<\,HO. 

HmmATio  oxiDi  or  AHTLi  rcHt-otL;  ArlO.HO. — Tli«  crado  timU 

Kto-brandy  is  washed  wUh  witter,  and  distilled  fn  %  retort  fumUhtd  Witk 
mnm>t«r,  the  bulh  of  ulimh  illp«  Into  the  liquid,     The  porllon  wl"  '  "^ 
"■b«t««eii2()U«(12U<i  IK.^)unit2B()°(13T'>'8U)iaaoneol«dBpnrtBDdn  ..  .. 

tlic  Mm*  inaDniir,  until  nii  oil  In  obtalnad.  hk>lDg  t,  fliod   bMiog-fiAaH 

B>--20B'(13l<>-IC— iai°'TC).    Tbtu  purified,  it  i>  n  thin  Hold  olt,  Mbdfa 
ift  powerful  kad  peculturt;'  nulTDCfttitig  odor,  knd  lOMTiog  a  biimtnR  tkfU; 
bunM  with  *oiiie  diinculiy,  and  tliun  bunii  with  a  piiro  blue  S 
4«nBltT  I*  0'SI8,     It  uBdersues  little  ohnnne  bj  ounuot  with  kir  n 
nary  oiTouinitttucea  i  but  whrn  wartD«l,  and  dropped  upon  pUtinoa 
oxidiMi  to  toUru  add.  which  bears  the  srime  relation  to  thin  iinb 
Metio  aoid  does  to  ordinary  ainohol,  or  formio  ooid  to  roelhyl-aloohol.  ^^^ 

Tba  Mllon  of  heat  upon  fuiel-oll  ha*  been  studied  by  Captain  Bnod 
The  Topor  of  this  alcohol  when  posiod  Ihruugh  ■  red-hot  glM*  tube,  fltli 
niitare  of  gaaen,  among  whlob  a  oarbn-b^droKen  C.H|  predom<aaiM>  vf 
bas  tbo  obemioal  character  of  oieflant  gaa,  and  In  wlitcfa  tho  naine  anyi) 
bas  been  giTon  (nee  page  til).  Tlio  lioparallon  of  this  KaSBoos  rolitortl 
Uthorto  (kllud,  but  on  bringing  the  gox  in  cuntnct  with  chloriiia  ft  mbm 
C^U,CI,  is  foniiod.  This  Is  a  hsarj' liquid,  boiling  at  317<>'4(1D8*C).  Ub 
•f  erv  roapoDl  analogous  to  tho  Dutob-llquld  (see  page  880),  ortgliiUlaf  ol 
llinllar  circuiantances  from  oleHant  gas. 

Amiii-ithis,  AylO. — If  amyl-ahwhol  isdldllledwIthaonoentratMlralphl 
•^d,  a  mtitnre  of  several  snhetanoee  !■  obtained,  which  have  to  be  MMtil 
by  distillation,     After  aernral   reo  till  cations,  an  oil  la  obtained,  whloh  bi 

»D.  gr,  0'779  and  bolh  at  348''-8  (170"C),     This  b  amyl-Btbor.      

■ition  la  C„II„0,  or,  if  we  adopt  the  double  formalm  for  tbe  ethora,  C^Hi 
Intormedlaie  etham  bctweon  amyl-  and  Btbyl-,  and  IlknwInB  belwaen  u, 
•nd  methyl- ether,  haie  been  prepared,  They  contain  reapectlTvi;  C.-HiaOa! 
C,H,0,tl^H„0  and  Call„0,»  C,H,0,C„H,,0. 

CiiLuajuM  ur  amii,,  Ayl  CI. — The  chloride  la  procured  hy  sutjcoltog  to  i 
Ullallon  equal  weights  of  potato-oil  and  penlaoblorlde  of  pbosphonu,     '^ 

jng  the  product  repeatedly  with  alkaline  water,  and  recti f)'ing  It  frnmel 

of  oaloluin.  Lesa  pure  It  may  be  obtained  hy  aaturatlog  fmal-oll  wtlli  bfd 
ehlorlo  aold.  It  la  a  oulorloM  liquid,  of  a^eeable  aromatic  odor,  tudMU 
water, and  neutral lo teat-paper;  HboDs  at216''(101°'TCl,an<1  igntUin 
burning  with  a  flame  ftroen  at  tbe  edges.  By  the  long-continued  m( 
eblorina,  aided  by  poworfnl  aunsbine,  a  new  prodact,  eAlnrintllnl  thhr. 
anyi,  was  oblalneil  in  the  form  of  a  TOlatile  oolorlesa  liquid,  amtRIng  I 
camphor,  and  containing  0,gH,CI(;  Iho  whole  of  the  hydrogen  could  aotihT 
■tor.  be  rtnio*«d. 

ItaoHins  or  amti.,  Ayl  Hr,  is  a  rolatilo,  colorlosn  liquid,  ben*ler  than  Wri 
It  I*  obtalno<l  by  distilling  riisel-olt,  bromine,  and  phonphonti  togetbat.  (( 
bromide  of  tthfl,  page  873J.     Its  odor  Is  penetrating  and   ■'" 


AND    ITS    DERIVATIVES.  -117 

broTnide  is  ieeomponeil  b;  bd  nlcoholio  solutioa  or  potaasik,  with  prodactiDn 
or  bromide  of  the  metal. 

looiDB  OF  AMTi.,  Ajl  [,  Is  procured  by  distilling  n  mixturo  of  15  parts  of 
potato-oil.  8  of  iodine,  and  1  of  pliUBpUui-us.  It  ia  colorless  irhen  pui'c, 
heavier  tbnn  wuter,  Toktile  without  decompoaition  at  294°-S  (US^C),  nnii  re- 
ESmblea  in  otber  respects  tbe  bromide  ;  it  in  parti;  decompoaod  by  expnxure 
to  tight.  Iodide  of  am;l,  when  heated  Id  sealed  tubes  with  xinc  to  SH" 
(190°C).  jields  amj/l,  a  eolorleas  liquid  of  an  ethereal  odor  oontnining  C^H,., 
and  boiliog  at  311°  (15&°C).  Together  with  ttiie  substauce  there  are  fomieil 
iodide  of  lioc  and  aino-amyl,  C„,H„Zn,  which,  when  coming  in  contact  wilh 
irator,  is  decomposed  into  oiideof  zinc  aod  hyilHde  of  am;l,  C„H„  =  CulI„K, 
an  exceedingly  volatile  Bubsiance,  boiling  at  86°  (30°C). 

Ctanide  or  AMIL,  Ayl  Cy.— Colorlesa  liquid  of  0806  sp.  gr.,  and  boiling  at 
394"  {Ue'C).  which  ia  obtained  by  distilling  oyanide  of  potasnium  with  snl- 
phamylnte  of  polaitaa.  Boiled  with  potassa,  this  compound  nndergoea  a 
dooompositioti  analogous  to  that  of  cyanide  of  ethyl  and  methyl  (aee  pngea 
373  and  402);  it  absorbs  1  eq.  of  water,  and  furniahes  nmmotiia  and  the 
potasaa-aatt  of  oaproio  acid.  C,iH,,Oj,  one  of  the  coQatituetitH  of  butler, 
CbH„N  +  4H0  =  C,jHe,0,  +  NH,, 

AoETATB  or  oxiDB  OF  AMTL,  AjlO,  C^HjOj.  —  This  interesting  product  is 
•uilj  obtainod  by  submitting  to  distillation  a  mixtare  of  1  part  of  potato-oil. 
2  parta  of  acetate  of  potasaa,  and  one  part  of  concentrated  sulphuric  aeid ;  it 
ia  purified  by  washing  with  dilute  alkali,  and  distillation  from  ohloride  of 
oaloium.  It  presents  the  appearance  of  a  colorlesa,  limpid  liquid,  which  is 
insoluble  in  water,  aolnble  in  alcohol,  boils  at  272°  (133°'3C),  and  becomei 
converted  by  an  ulcohollo  solution  of  potassa  into  an  acetate  of  that  base, 
with  reproduction  of  fusel-oiL  This  ether  possesaea  in  a  remarkable  manner 
tbe  odor  of  the  Jargonelle -pear.  It  is  now  maDufaotured  upon  a  large  scale 
for  flavoring  liqaora  and  confectionary. 

Cakbonati  of  oxiDK  OF  AHTL,  AylO,CO|. — This  ether  has  been  lately 
ibtained  by  Dr.  Mediock  by  sataraling  fusel-oil  with  phoapene-gaa  (chloro- 
oarbouio  acid).  A  compound,  AylO,C,C10j,  aDalogoua  to  chloro-carboniii 
etlier,  ia  fint  produced,  which,  when  treated  with  water,  yields  hydrochlorio 
•nd  carbonic  acids,  together  with  carbonate  of  amyl  (AylO,C^10, -f-  H0  = 
AylO.CO,  -f-  HCI  -\-  CO,).  Carbonate  of  amyl  la  a  colorless  liquid  of  an  aro- 
malJO  (rdor,  boiling  at  438°-8  (Sae'C).  Alcoholio  solution  of  potassa  converts 
this  ether  into  fusel-oil,  oarbonate  of  potassa  being  formed  at  the  same  time. 
StJphidt  of  amj/l,  amj/i-ntrcaplan,  and  nnmeroua  other  compounds  of  like 
nature,  have  been  described. 

ScLFHAHTLio  Aciu. — Wbeu  equal  weights  of  potato-oil  and  strong  anlphurio 
■eid  are  mixed,  heat  is  evolved,  aecompaniod  by  blackening  and  partial  de- 
composition. Tbe  mixture  diluted  with  water,  and  saturated  with  carbonate 
of  tuiryta,  affiirds  sulphate  of  that  base,  and  a  aolnble  salt  corresponding  Co 
the  tulphovinate.  The  latter  nmy  be  obtained  in  a  cryatalline  state  by  gentle 
evaporation,  and  purifiod  by  resolutiou  and  tho  use  of  animal  charcoal.  It 
forms  small,  brilliant,  pearly  plates,  very  soluble  in  water  and  alcohol,  con- 
taining BaO,C„H„0,230,  +  HO.  The  baryta  may  be  precipitated  from  the 
tail  by  dilute  sulphuric  acid,  and  the  hydrated  sulphamylio  acid  concentrated 
by  ^ontaneoos  evaporation  to  a  syrupy,  or  even  crystalline  state ;  it,  has  an 
■aid  and  bitter  taste,  strongly  reddens  litmus-paper,  and  is  decomposed  by 
■bnllition  into  potato-uil  and  sulphuric  asid.  The  potassa-salt  forms  gronps 
of  small  radiated  needles,  very  soluble  in  water.  The  aulphamylotes  of  lime 
and  protoxide  of  lead  are  also  soluble  and  orystalUiable, 

AhtliiiE. — By  the  diatillation  of  potnlo-oilwitb  anhydrous  phopph on o  acid, 
ft  folatile,  colorless,  oily  liquid  ia  procured,  qnite  diSerent  in  properties  from 
the  tn^ginal  substauofl.     It  is  lighter  than  water,  boiU  at  102<''2  (SO°GJ,  and 


^ 


I 


'eontaini  no  oiygen.     Its  oompoFition  in  rEpresonted  b;  llie  rormnls  C,Hg^ 

oonsnquently  il  not  only  corrcapanilB  to  olcliiint  gas  in  the  alcobal-aeriBS.  WL 
Ib  isniDcrii]  with  th  Jt  subGtaiice.     Like  oleSant  gna  it  cuoibinea  dtreetlj  wilfcfl 
chlorine  and  bromine,  giving  rise  to  eompoonda  C^HijClg  and  C^H^r,   T 
vapor,  honeTur,  boa  a  density  of  2-6S,  vbich  U  2J  timoH  thnt  of  oleBiiDt ' 
erer;  messure  coDtniuing  6  meaeures  of  hydrogen.     The  bromide  G^&, 
Jus  \Me\y  rumifhed  amylene-akohol  or  Eunyl-gljool,  C,„H„Q|.2nO. 

Amyleno  has  been  succesBfully  employed  as  an  aneBthetic  agent.  To, 
witb  this  Bubstaoce  several  othet  hydrocarbons  are  forioed,  eHpeoial); 
which  the  name  paramylcae  has  been  given.     It  conlaiQa  C—U—,  and  boila 

Valeric  or  yalrrianih  acip. — M.  Dumas  hns  shonn  that 
of  equal  parts  quicklime  and  bjdrate  of  patassa  is  moistened  ynih  aleolid, 
ftnd  tbe  whole  pubjected  to  a  gentle  heil,  out  of  ooatact  of  ajr  *  *  '  "' 
Dxidiicd  to  Bcetio  acid,  with  evolution  of  pare  bydrogen  gas.  At 
temperature  the  acetate  of  putassa  produoed  is  in  turn  decompoBed,  , 
carbonate  of  potassa  and  light  oarbonolted  hydrogen.  Wood-spirit,  by 
treatment,  yields  hydrDgen  and  fonnate  of  potassa.  which,  as  the  beat  if 
qreasea,  beoomes  eonverted  into  carbonate,  with  continued  dieengngement  of 
l^drogen.  In  like  manner  potulo-oil,  atnylie  alcohol,  suffers,  tiniler  similar 
pmumatanoeE.  comrersion  into  a  new  aoid,  benring  to  il  tbe  same  relatioDlliit 
Boelio  acid  does  to  common  aloohol  and  formic  acid  to  wood-spirit,  hydwpw 
being  at  the  same  time  evolied.  Tbe  body  thus  produced  is  found  to  ' 
identical  with  a  volatile  oily  acid  distilled  from  the  root  of  th«  Valm 
.  offianalit. 

In  preparing  ertifiaial  valeric  acid,  the  potato-oil  ia  heated  in  ■  flsik-H 
about  ten  Umea  its  weight  of  the  above-mentioned  alkaiino  mixture  dm 
the  space  of  10  or  12  hours;  tbe  heat  is  applied  by  a  hath  of  oil  orM 
mcUl  raised  to  the  temperature  of  390°  (I98»-8C)  or  400"  (2M°-4C).  * 
cold,  the  nearly-white  solid  residue  ia  mixed  with  water,  lui  exoew  (Hi 
phuric  or  phosphorio  acid  added,  and  tbenhole  aabjected  to  diBtillation.  ' 
dieUIled  liquid  is  supersaturated  with  potasaa,  evaporated  nearly  to  drja 
to  dissipate  any  utidecotnpoBcd  potato-oil,  and  then  mixed  wilh  soDin 
diluted  salphuric  acid  in  eice.'iB.  The  greater  part  of  lbs  valeric  add  ■ 
separates  as  an  oily  liquid,  lighter  than  water:  this  ia  a  terhydrM«  ofl 
■cid,  containing  three  equivalents  of  water,  one  of  which  in  basic*  II 
this  hydrate  is  distilled  alone,  it  undergoes  decomposition  i  water,  irttli  a  I 
of  the  acid,  first  appears,  and  eventually  the  pure  aoid,  iu  Die  form  of  ■  K 
fluid,  colorless  oil,  of  the  persistent  and  ohnracteristic  odor  of  viM 
root.  It  has  a  sharp  and  acid  tasto,  reddens  litmus  atrangly.  bisi 
tongue,  and  bums  whan  inflamed  with  a  bright,  yet  smoky  light.  T« 
aoid  has  a  density  of  0'93T;  it  boils  at  347°  (lTe°C).  Placed  in  eantocl 
water,  it  absorbs  a  carton  quantity,  and  is  itself  to  a  certain  extent  loli 
The  ealta  of  this  acid  present  but  little  interest,  as  few  among  l^em  bw 
be  susoeptible  of  crystallizing.  The  liquid  acid  is  foand  by  analysis  W 
tain  C„H,OyHO.  and  the  silver-salt,  AgO,C,(,n,p,.  The  elhw  of  m 
•cid,  AeU.C^HgO,,  ia  obtainod  by  parsing  hydrochloric  acid  in 
solution  of  valeric  acid.  By  treatment  with  ammonia  this  ether  is  oonvi 
into  valeramide,  C„H„NOi  —  C,gH,Oi,NH,  (analogous  to  acetamide),  wl 
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I  POIiOi  =  2K0,POi,  ana  8KC1,  and  8(C,.Hw)i). 

ar  than  water.    BoUtng  waUr  rhanK«  11  tlowlf  taMi 
rraatli>ii  l4  rapldlj  dfectod  bj  ■olDtJoui  of  tint  slkiDA 


AND    ITS    DERIVATIVES.  419 

onder  the  influence  of  anhydrous  phosphoric  acid,  loses  2  more  eq.  of  water, 
becoming  valeroaitrile,  C,oHgN  =  C8Hg,CgN,  or  cyanide  of  hutyl.  The 
former  is  a  fusible  crystalline  substance,  the  latter  a  volatile  liquid,  haying  a 
boiling-point  of  257*'  (125^0).  It  was  first  obtained  by  the  action  of  oxidi« 
Jong  a>gents  upon  gelatine.     (See  Animal  Chemistry). 

A  more  advantageous  mode  of  preparing  valeric  acid  is  the  following :  -^ 
4  parts  of  bichk'omate  of  potassa  in  powder,  6  parts  of  oil  of  vitriol,  and  8 
pwrts  of  water  are  mixed  in  a  capacious  retort :  1  part  of  pure  potato-oil  is 
then  added  by  small  portions,  with  strong  agitation,  the  retort  being  plunged 
into  cold  water  to  moderate  the  violence  of  the  reaction.  When  the  change 
appears  complete,  the  deep-green  liquid  is  distilled  nearly  to  dryness,  the 
product  mix^  with  excess  of  caustic  potassa,  and  the  aqueous  solution  sepa- 
rated mechanically  from  a  pungent,  colorless,  oily  liquid  which  floats  upon  it, 
and  which  is  valerate  of  amyl.  The  alkaline  solution  is  then  evaporated  to  a 
small  bulk,  and  decomposed  by  sulphuric  acid,  as  already  directed. 

If  an  open  jar  be  set  in  a  plate  containing  a  little  water,  and  having  be- 
neath it  a  capsule  with  heated  platinum-black,  upon  which  potato-oil  is  slowly 
dropped  in  such  quantity  as  to  be  absorbed  by  the  powder,  the  sides  of  the 
jar  become  speedily  moistened  with  an  acid  liquid,  which  collects  in  the 
plate,  and  may  be  easily  examined.  This  liquid,  saturated  with  baryta-water, 
evaporated  to  dryness,  and  the  product  distilled  with  solution  of  phosphoric 
acid,  yields  valeric  acid. 

Valeric  acid  is  found  in  angelica  root,  in  the  berries  of  Viburnum  opulus,  and 
.  probably  exists  in  many  other  plants ;   it  is  generated  by  the  spontaneous 
decomposition  of  azotized  yub^tances,  animal  and  vegetable,  and  is  produced 
in  many  chemical  reactions  in  which  oxidizi4:ig  agents  are  employed. 

Some  very  beautiful,  and  for  the  progress  of  organic  chemistry,  highly  im- 
portant results  have  been  obtained  by  the  action  of  electricity  upon  valeric 
•dd.     By  submitting  a  solution  of  valerate  of  potassa  to  a  galvanic  current, 
produced  by  4  elements  of  Bunsen's  battery.  Dr.  Kolbe  observed  that  potassa 
and  pure  hydrogen  were  evulved  at  the  negative  pole,  while  at  the  positive 
pole  valeric  and  carbonic  acids,  an  odorous  inflammable  gas,  and  an  ethereal 
tiquid,  made  their  appearance.     The  inflammable  gas  obtained  in  this  reaction 
la  the  carbohydrogeu  CgHg,  which  had  been  previously  isolated  by  Mr.  Fara- 
day from  the  oily  products  separated  from  compressed  oil  gas,  and  which  has 
been  mentioned  among  the  members  of  the  butyl-series  (page  415).     This 
gabstance,  to  which  the  name  bulylene  has  been  given,  is  perfectly  analogous 
to  olefiant  gas  (ethylene),  propylene,  and  amylene,  which  have  been  previ- 
ously described.     It  combines  with  chlorine  and  bromine,  forming  substances 
analogous  to  Dutch-liquid.     The  oily  liquid  formed  together  with  butylene, 
in  the  electrolysis  of  valeric  acid,  is  a  mixture  of  several  substances,  among 
whioh  a  hydrocarbon,  of  the  remarkable  composition  CgH^,  predominates 
This  body  appears  to  be  identical  with  butyl,  the  hydrocarbon  which  M 
Wurti  subsequently  separated  from  iodide  of  butyl  (see  page  415).     Eolbe 
considers  butyl  to  be  one  of  the  proximate  consituents  of  valeric  acid,  which 
he  views  as  an  intimate  combination  of  butyl  with  oxalic  acid,  butyl-oxalic 
acid  C|pH^Og,HO  =  091X9.0203,  HO.     According  to  this  view,  the  transforma- 
tion of  valeric  acid  under  the  influence  of  the  galvanic  current  is  readily 
explained.     The  oxygen  evolved  at  the  positive  pole  by  the  electrolysis  of 
water  oxidizes  the  oxalic  to  carbonic  acid,  and  liberates  the  butyl,  portions 
of  which  are  farther  attacked  by  the  oxygen,  and  deprived  of  1  eq.  of  hydro- 
gen, thus  giving  rise  to  the  simultaneous  evolution  of  butylene.     If  this  view 
holds  good  for  valeric  acid,  it  must  be  equally  true  of  butyric,  propionic, 
acetic,  and  formic  acid,  and  of  a  great  number  of  analogous  acids,  which  wiL* 
be  described  in  the  subsequent  chapters  of  this  Manual. 

Butyric  acid  will  be  propyl-oxalic  acid  ;  propionic  acid,  ethyl-oxalic ;  acetUs 
acid,  methyl-oxalic,  and  lustly,  formic  acid,  hydro-oxalic  acid,  thus  — 
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Propionic  acid 
Butjric  &oid 
TaJerta  acid 


C,fro„HO  =       H,C,a,HO 
C,II,0,,HO  =  C,H,.C,0,.HO 

CB(r,o,.HO  =  c;,H,.i^»uo 

c,[ijlho  =  CcH,.c,i:vHO 


■This  Tieir  \a  bome  out  b?  the  electrolytic  decompoaitioa  of  acetic  acid,  vhick 
I'aieldH  a  gas.  eoasidored  by  Kolbe  to  be  mettiyl.  Several  oallateral  fiMitB  inn 
f  jbrnifbed  addilional  mipporC  lo  this  th«iorj:  amonKBt  vhich  umy  be  qai>l«d 
T,  tbe  recaarkable  deportment  of  the  ammonin-Balta  of  theee  acids  under  tl 

if  aaliydrous  pbasphorio  acid.     In  tills  reaction,  ozaiio.  formic.  aoMiB, 
.        0,  and  Tftletio  acide,  jield  reapootivelj  cyanogen  and  Uie  cjanides  «t 
I  pjrth'ageD,  methyl,  etbyl,  and  butyl. 

NH.O,  C,Oj  —  4H0  =  C,N 

NHjO,  H,  C,C>,— 4H0=  H,  C,N 
Nll,0,CiH„C,0,  —  4H0  =  C,H,,CjN 
NII,O.C,H,.C.O,  —  4H0  =  C,H,.C,N 
NH,O,CbH,C,0,  —  4H0  =  C,H,,CVI 

I  Ve  bave  seen,  moreover,  that  the  cyanidea  of  methyl  and  etby),  when  tr .^^ 

irith  tbe  alkalies,  are  readily  reconverted  into  acetic  aod  propionic  acid,  tM 
In  the  eection  on  cyanogen,  it  nil)  be  shown  that  this  enbstaiico  and  hjdti 
lyanio  acid  are  indeed  pniily  convertible  into  oxalate  and  formate  of  ammcid 
All  tbeSB  faota  are  renililj  intelligible  by  the  view  proposed  by  Dr.  Eolbe. 

TBiCHbonoVALIlBID  A(i]0. — When  dry  chlorine  is  passed  for  a  long  lime  iq 
para  valeric  aoid,  in  the  dark,  tbe  gns  ia  absorbed  in  great  qnantity,  and  mw 
bjdrochlorio  acid  produced:  towards  tbe  end  of  tbe  operation  a  little h< 
becomes  necessary,  Tbe  product  is  n  semi-fluid  tmneparent  substance,  hi 
Tier  than  nater,  odorless,  and  of  acrid  burning  taste.  It  doea  not  congij 
>rhen  exposed  to  a  very  tow  temperature,  but  acquires  complete  floidltj  i»i 
h.Mied  to  86°  (SO'>C).  It  cnnnoC  be  distilled  without  decompositjon.  Wh'" 
pLt  into  water  it  forms  a  thin,  fluid  hydrate,  which  afterwards  disBolvea  U 
oon^iderable  extent.  This  body  i?  freely  soluble  in  alkalies,  from  which  it 
again  precipitated  by  tbe  addition  of  an  acid.  Trichlorovalerio  ooid  conlai 
C„{H^1,)0^H0. 

QuaoaicuLoaovALEBio  AoiD.  — This  is  tbe  ultimate  product  of  tbe  aetl 
of  chlorine  on  the  preceding  eubstanco.  aided  by  eipoaura  to  the  sun.  II  i 
sembleii  tricblotu valeric  acid  in  appearance  and  properties,  being  eettd-fll 
aud  oolortesB,  destitule  of  odor,  of  powerful  pungent  taste,  and  heavier  lb 
water.  It  can  neither  be  solidified  by  cold,  nor  distilled  without  decompM 
tlon.  In  contact  with  water,  it  forma  n  hydrate  containing  3  eq.  of  that  n 
stance,  which  is  slightly  soluble.  In  alcohol  and  elbor  it  dissolves  with  1 
cilily.  It.  forma  salts  with  b&ses,  of  which  the  beat  defined  is  that  of  ailvl 
Quadrichlorovalerio  acid  is  compoaed  of  0^(11,01^)0^.110. 

FUBEii-aiL  or  IIBAIN-SPIKIT. — Tbs  fnsel-oil,  separated  in  large  quanUt 
from  grain-spirit  by  the  Loudon  rectifiers,  conslniB  chiefly  of  potato-ul  (If 
drated  oxide  of  amyl]  mixed  with  alcohol  and  water.  Sometimes  it  oonlail 
in  addition  more  or  leas  of  the  ethyl  or  amyl-compoonds  of  certain  flitty  ad 
thoaght  to  have  been  identified  with  (BDUDUiio  and  mnrgario  aoida.  Tha 
last-named  sntistances  form  the  principal  part  of  the  nearly-solid  fat  pradow 
In  this  manner  in  whisky-distilleries  conducted  on  the  oh!  plan.  Mulder  k 
described,  under  the  name  of  corn-oil,  another  conslitaenl  of  tbe  crude  fUM 
oil  of  Holland ;  it  baa  a  very  powerful  odor,  resembling  that  of  some  of  ll 
umheUiferoTis  plants,  and  is  nuaSecled  by  solution  of  canslic  potassa.  Aocorl 
Jr^Itonney,  tlie  fusel-oil  of  the  Scotch  distilleries  contains  in  tvJdilM 
n  quuutity  of  capric  acid,  C^H^O^,  which  is  one  of  tiie  i»Mtitaw>i' 
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of  butter.  Potato-oil,  in  addition  to  butylic  alcohol  (seep.  414),  has  been 
separated  from  the  spirit  distilled  from  beet-molasses,  and  from  artificial 
grape-sugar  made  by  the  aid  of  sulphuric  acid.  Although  much  obscurity  yet 
hangs  oyer  the  history  of  these  substances,  it  is  generally  supposed  that  they 
are  products  of  the  fermentation  of  sugar,  and  have  an  origin  contemporaneouf 
with  that  of  common  alcohol. 


HOMOLOGOUS   SEKIES. 


It  is  impossible  to  leave  the  history  of  the  alcohols  without  alluding  to  some 
results  of  great  importance  for  the  elucidation  of  organic  compounds  gene- 
rally, which  the  study  of  these  substances  has  elicited.  When  describing  the 
several  alcohols,  discussed  in  the  preceding  chapter,  we  have  repeatedly  pointed 
out  the  remarkable  analogy  presented  by  the  properties  and  the  general  de- 
portment of  these  bodies.    If  we  compare  the  composition  of  these  alcohols  — 


Methyl-alcohol 
Ethyl-alcohol 

.      C,H,0, 

Propyl-alcohol 

Butyl-alcohol 

Amyl-alcohol 

.        .      C,H,0, 

we  find  that  fheir  formulae  present  an  unmistakable  symmetry.  All  contain 
the  same  amount  of  oxygen,  only  the  carbon  and  hydrogen  vary.  This  varia- 
tion, however,  takes  place  in  very  simple  relations.  Thus  we  find  the  differ- 
ence of  ethyl  and  methyl  alcohol  to  be  C4Hg02  —  CjH^Oj  =  CgHj,  the  differ- 
ence of  propyl  and  methyl-alcohol  to  be  CgHgOj  —  C2H4O2  =  O4H4  =■  2CgHg, 
the  difference  of  amyl  and  methyl-alcohol  to  be  CjoHuOj  —  CgH^O^  =CgH,  = 
iCgHg.  The  same  elementary  difference  of  course  prevails  likewise  between 
an  the  derivatives  of  the  three  alcohols :  — 


Iodide  of  methyl 
Iodide  of  ethyl 
Iodide  of  propyl 
Iodide  of  amyl 

or 
Formic  acid    . 
Acetic  acid 
Propionic,  acid 
Valeric  acid 


C2  Hj  I 

C2ngl  "4-  202^12 
C2H3I  +  4C2H2 


C2H03,H0 


C^H.OyHO 
C,  H503,HO 


:C2H03,H0+     C,H, 

:  CjHOyHO  +  2C2HJ 
C.„H«o;,HO  =  C2H03,HO  +  4C2Hj 


'10*'»'-'3»' 


Methylic,  ethylic,  propylic,  butylic,  and  amylic  alcohols  are  by  no  means  the 
only  members  of  this  class  which  are  known.  In  the  succeeding  pages  of  this 
work  a  series  of  compounds  will  be  noticed,  evidently  of  a  perfectly  analogous 
character,  which  have  been  discovered  in  various  departments  of  organic  chem- 
istry. By  submitting  castor-oil  to  a  series  of  processes,  M.  Bonis  has  formed 
an  alcohol,  which  has  been  called  **  caprylic  alcohol.''  According  to  M.  Dnmas, 
spermaceti  contains  another  analogous  substance,  cetylic  alcohol,  which  is  a 
solid :  and  Mr.  Brodie  has  prepared  two  alcohols,  cerotylio  and  melissic,  from 
bees-wax.  The  composition  of  these  substances  stands  in  exactly  the  same 
relation  to  that  of  the  preceding  alcohols,  which  we  haye  pointed  out,  as  will 
be  seen  Arom  the  following  table :  — 


Caprylic  alcohol 
Cetylic  alcohol 
Cerotylio  alcohol 
Melissic  alool^o] 

8*5 


Oi^jH^gO,  =  C2H4O2  +  TCgH, 
C82H34O2  =  CaH.Oji  +  ISCaHg 
Cg^HgaOj  =  CjH^Oj  +  26C,Hg 
CjoHfljOa  =  CjH^Oj  -f  29C^, 


BOMOLOQOUS 

ir  RlaohnlB,  when  nnbmitled  te 
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the  nctlon  of  oiidiilng  b 


■tand  to  etch  atlier, 


ral  klcobala  do  to  caoli  other. 


Caprylio  acid 
Cet^Uo  Mid 
Cerotylio  aoid 
Heliseio  Mid 


C«H,A"0  =  CjUO,,HO+  7C,H, 
C,jH„0,.HO  =  CjHO,.HO  +  ISC-H, 
Cj,H_0^llO  =  CjlHUHO  +  2fiC,H, 


A  glance  at'theHe  tnblea  showa  thnt  nil  the  aicahols  known   differ  ^Wl 
methfl-aluoliol  by  C,}!^  or  a  muUiplu  of  it.     At  the  s&me  time,  it  ia 
that  the  series  bj  uu  iiionna  regulttrly  asootide.    Thus  we  peroeiTe  that  between 
amjlio  and  caprjlio  alcohols,  two  alcohols  still  remain  to  be  diseoTored;  ' 
tike  manner  between  caprytio  nnd  cetylio  nlcohola,  not  less  than  seven  diffen 
alonbola  are  wanting. 

Even  now  the  parallel  series  of  lolnlile  acids  it  far  more  complete  than  t) 
of  the  alcohols.  At  present  the  following  members  of  thie  group  are  kna«f( 
vhlch  are  placed  in  jnitapasition  with  the  collaleral  alcohols :  — 


MethTl-alcohol 

.       C,H.O, 

Formic  acid     , 

C,H.O 

Ethyl-alcohol 

■     c.n.o. 

Aoelio  aoid      . 

.        C>  0 

Propjl-olcohol 

.       C,E),0, 

I'ropionio  acid 

cIhJc) 

Butyl-alcohol 

■     c>  H„n, 

Bntyrio  aoid 

■   "     C.HjO 

Amjl-alcohal   . 

■       C,.""'-> 

Valeric  acid    . 

■      c>iV 

C„ll„t>, 

Cnproio  noid 

-        C„HaO 

C„11„0. 

(Enantbjlic  ncid 

■        c'» 

Capryl-alcohol 

.      C„H„U, 

Cn  pry  lie  acid 

C|,1IJ 

C„l)„0. 

Pelargonio  acid 

C„H^ 

C^il^O, 

Caprio  acid      . 

•        C«H^ 

&o. 

ic. 

&<!. 

4'.' 

Ve  might  condnue  tbe 

series  of  ncida 

ningSi  ud  ■ 

oid),  and  with  interrals 

.en  much  high 

T  up  to  acids  contn 

more  equiraleDta  of  carbon.     Most  of  Iho  acids  belonging  

been  separated  from  fats,  ami  hence  this  series  is  frequently  designated  tij  I 
Dame  of  the  series  oi/ally  acidi. 

A  series  of  unnlogans  substances,  whose  composition  TnHea  by  C.Hgi  a 
multiple  of  it,  is  called  a  series  of  hoinnlosoui  bodies —  a  name  first  need' 
Gerbardt,  to  whom  we  are  much  indebted  for  the  elucidation  of  Ihia  anlgl 

is  eTident  that  there  eiist  as  many  snch  boraologoi 


logoua  radi 
Metliyl  . 
Ethyl        . 

But;l 
Amyl        . 
Gaprayl   , 


Cg  H,  Methyl-ether 

C,  H,  Ether 

C,  H, 

C,  H,  Butyl-ether 

C„l!|i  Amyl-ether 

C„H„ 

Call,,  Capryl-other 


ilogou 


;  bodiei 


C,H,0 

C^HjO  Etbylene 

C,  H.  0  Propyleoe 

C,  H,0  Butylene 

C,„H||0  Ainylone 

C,,H„0  CaproyloD 

C^ll^O 

C*Hi,0  Caprylene 

ent 


■till  p 


-B  gaps:  n 
\e  alcohols,  which  may  bo  taken  as  the  protot 
■n;   iiuL  siiiuD  iiio  ciistencc  of  the!<e  homologous  series  wui 
many  gnps  haie  been  filled,  nnd  it  may  be  expected  that  bel 
>pid  strides  of  orgnnio  chemistry  will  render  these  series  oompIM 
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The  properties  of  the  T&riouB  membere  belonginj;  to  the  homologoaa  ei 
padually  chnnge  na  we  ascend  id  the  eeriea.  The  iDOSt  characteriBtio  nil 
lion  is  the  diminution  of  volntilily  A  regular  ciifferenco  between  the  boil 
pniola  of  homologona  aiitiHttincea  wns  fireC  pointed  out  by  II.  Rupp.  A 
exumple  ibe  series  of  fatty  acids  may  be  lakeu  : — 


mio  acid 

c,  n,  0, 

ic  aoid 

yric  aciii     . 

cJhJo 

no  neirj 

C,oll,o<>, 

roic  ncid 

c„n.() 

119"  I 

140°  ; 

167°  1 

175»  i 


y  sc-e 

|41'>-4 


similar  regular  difference  has  been  observed  in  tlie  boiling-pi 
other  homologous  compouiida.  As  yot.  howeter,  the  iiumber  of 
discrepancies  ooonr  is  lery  considerable. 


The  oils  and  fats  form  an  interesting  and  very  natural  group  of  snbgtanece, 
whieh  hive  beea  studied  with  great  success.  The  vegetable  and  animal  fats 
agrse  so  closely  in  everj  respect,  that  it  will  be  couTeDient  to  discuss  them 
undeT  one  head- 
Oil;  liadies  are  divided  into  valalile  and  fixtd:  the  former  nre  capable  of 
being  distilled  without  decomposition,  the  latter  are  not.  When  dropped  or 
^tread  upon  paper,  they  all  produce  a  greasy  stain:  in  the  cane  of  a  volatile 
oUi  this  stdin  dinappeara  when  the  paper  is  warmed,  wbicb  never  happens 
with  a  Bied  falty  substance.  All  these  bodies  have  an  attraction,  more  or 
less  energetic,  for  oxygen :  this  in  some  cases  reaches  such  a  height  oa  to  oo- 
oasioD  spontaneous  inQammation.  aa  in  the  instance  of  lai^e  masses  of  cotton 
«r  flax  moistened  with  rape  or  Unseed  oil.  The  effect  of  this  absorption  of 
o^gen  leads  to  a  further  clasaiflcatiou  of  the  fixed  oils  into  drying  and  rum- 
dryifff  oils,  or  those  which  become  hard  and  resinous  by  exposure  to  nir,  and 
those  which  thicken  slightly,  became  sonr  and  rancid,  but  never  solidify.  To 
the  first  class  belong  (he  oils  used  in  painting,  as  linaeed,  poppy-seed,  and 
walnut;  and  to  the  second,  olive-  and  pnlm-oila,  and  all  the  oils  and  fata  of 
animal  origin.  The  parts  of  plants  which  contain  the  largest  quantities  of  oil 
•re,  in  general,  the  seeds.  Olive-oil  is,  however,  obtained  from  the  fruit  itself. 
The  leaves  of  many  plants  are  varnished  on  their  upper  surface  with  a  cover- 
ing of  waxy  fat.  Among  the  natural  orders,  that  of  the  erud/eric  is  conspicu- 
ona  for  the  number  of  oil  bearing  species. 

The  fixed  oils  in  general  have  but  a  feeble  odor,  and  scarceljr  an;  taste ; 
whenever  a  aapid  oil  or  fat  is  met  with,  it  is  invariably  found  to  contain  some 
Tolatile  oily  principle,  as  in  the  case  of  common  butler.  They  are  all  insoluble 
la  water,  nud  but  slightly  soluble  in  alcohol,  with  the  exception  of  castor-oil ; 
hi  ether  and  in  the  essential  oils,  on  the  other  hand,  the;  dissolve  in  large 
quantity 

The  eonsislemse  of  these  substances  varies  from  that  of  the  thinnest  olive-oil 
t»  Ihat  of  solid,  aompoct  suet ;  and  this  difference  proceeds  from  the  variaUt, 


i 
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iportinns  in  whicli  the  prorimnle  solid  and  fluid  fatty  principli 
^(ed  in  the  nntuml  product.     All  tlie^e  bodies  maj.  in  fact,  b;  mere  mvAt 
aical  means,  or  b;  Che  npplicntioa  of  a  lov  temperatare,  be  eepnrated  into  t« 

tiametinieB  three.  diiFerent  sabstuiceB,  which  dissolve  in.  or  mix  wilh.  eu 
other  in  all  proportion;.  Thus,  olire-oil  exposed  to  a  cald  of  40°  (4°'6Cj  d 
posits  B  inrge  qimntit;  of  ■  orjutBlline  Solid  fat,  nhich  mnj  be  Bepar&led  bf 
Sltration  and  pressure ;  this  ia  termed  ntnr^an'n,  from  its  peoWj  nspeoL    Tliri 

cold,  has  1 
by  preaani 


ia  termed 
il  irhich  retains  its  fiaidity  at  this,  or  eren  a  greater  degree  of 
lived  the  nniqe  oUm  or  tMn.     Again,  a  eolid  animal  fat  HMS, 
igtween  folds  of  blotting-paper,  be  made  much  harder, 
brittle,  and  more  difficult  of  faaion.     The  paper  becDtnes  impregoated  nith 
permanently-fluid  oil,  or  olein,  white  the  solid  part  is  found  to  cansist  of 
mixture  of  two  solid  fata,  one  reaamhliug  the  margnrin  of  oiiTe-oi),  and  ._ 
other  having  a  much  higher  melting-ptint,  and  other  properties  which  diat!&>| 
gniah  it  from  that  anbalanco;  it  is  colled  ilrariv.  ' 

Theee  remarha  apply  to  all  ordinary  oils  and  fata;  it  is,  however,  by 
Toeans  proved  that  the  olein  and  margarin  of  all  vegetable  and  animal  oila 
identical ;  it  is  very  possible  that  there  may  bo  essenlial  diRerencea  ajl 
them,  more  especially  in  the  case  of  the  first-named  Eahstnnce. 

Filed  fat^  bodiea,  in  conlncl  wilh  nlkaline  solutions  at  a  high  temporal 
ondergo  the  remnrkable  change  termed  inponificatiim.  When  Htearin,  i 
garin.  and  nlein  at*  boiled  with  a  strong  solution  of  oaui'tio  pota^sa  or  a 
they  gradually  oambine  with  the  alkali,  and  form  a  homogeneous,  viscid,  tt 
parent  mass,  or  loop,  freely  soluble  in  warm  water,  although  inaolnble  ii 
EoIutioDB.  If  the  soap  so  produced  be  afterwards  decomposed  by  the 
of  an  acid,  the  fitt  which  eeparates  is  found  completely  changed  in  chanist 
tt  has  acquired  a  strongly-acid  reactiou  when  applied  in  a  melted  stale  to  11 
paper,  rtnd  it  hus  become  soluble  with  the  grenteiit  facility  id  wnmi  aleoli 
It  is,  in  fact,  n  new  substnnce,  a  true  aeid,  capnhle  of  forming  salts,  an 
camponnd  ether,  and  baa  been  generated  ont  of  the  elements  of  the  naul 
Alt  noder  the  influence  of  the  bnse.  Stearin,  when  thus  treated,  yields  tta 
aeid,  margarin  gives  margarie  add.  oloin  gives  oleic  add,  and  commoD  anil 
I  .Ckt,  which  is  a  mlitare  of  the  three  neutral  bodies,  nfl'orda  ty  saponifioi 
I  t>;  an  alkali  and  subsequent  decomposition  of  the  eoap,  a  mixture  of  the  tb 
fiitty  acids  in  question.  These  bodies  are  not,  however,  the  only  prodaela 
•aponifioation  ;  the  change  is  always  oocompiinied  by  the  formation  of  ■  v 
peculiar  sweet  Hubstanoe,  called  glyarin  (see  page  414),  which  remainE  in 
mother-liquor  from  which  the  aaidtlicd  fat  has  been  separated.  The  proc 
of  saponification  itself  proceeds  with  perfect  facility  in  a  close  vessel ;  no 
is  disengaged ;  the  neutral  fat,  of  wliatsoever  kind,  is  simply  reeolved  ialo' 
alkaline  salt  of  the  fatty  acid,  or  soap,  and  into  glyoetin.'  Hence  the  net  ' 
fata  may  be  viewed  as  a  Bpeaies  of  salt,  in  which  the  glycerin  plays  tha 
of  base,  similarly  to  oxide  of  methyl  and  ethyl,  &c.,  in  the  compound  etht.. 
SrSABilJ  AND  BTEASic  ACID. — Pure  animal  stearin  is  most  esfily  obtained 
mixing  pure  mutton-fat,  melted  in  a  glass  flask,  with  several  times  its  wd 
.  of  ether,  and  suA'cring  the  whole  to  oool.  Stenrin  crystalliies  ont,  wMlsn 
[  Mrin  and  olein  remain  in  solution.  The  soft  pasty  mass  may  then  be  tn 
I  nrred  tn  a  cloth,  strongly  pressed,  and  the  aotid  portion  still  further  psrt 
by  recryatallization  from  ether.  It  is  a  white  fVinble  substanoe,  insohdit 
water,  and  nearly  so  in  cold  alcohol;  boiling  spirit  taken  up  a  small  qtunl 
Boiling  ether  disaolres  it  with  great  ease,  but  when  cold  retalna  only  ^Ij 
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Its  weight.  Tbe  melting-point  of  pnre  steiirip,  wbicb  is  one  of  its  most  im- 
portant phfBical  cburaclura,  may  bo  placpd  at  about  180°  (54°'5G). 

yibeD  alearin  id  saponified,  it  yieliia,  as  already  stated,  gljoerin  ani  steario 
Bcid.  The  latter  cryetalliieA  from  bot  alcohol  in  milk-vtiite  needles,  whioh. 
ne  inodorous,  tasteless,  and  quite  insoluble  in  water.  Xt  dissolvea  in  its  own 
weight  of  cold  alcoliol,  and  in  all  proportions  at  a  boiling-beat ;  it  is  likewise 
Boluble  in  etiier.  Alkaline  carbountes  are  decomposed  by  stearic  aeid.  Ex- 
posed tu  beat  it  fuses,  and  at  a  higber  temperature,  if  air  be  eioluded,  Tola- 
tilixes  nnchanged.     Tbe  melting-point  of  steanc  acid  is  about  158°  (70°C). 

MabOarin  AM)  HAROABio  ACID. — Tbe  elboreal  mother-liquor  from  which 
Etearia  baa  separated  in  tbe  process  just  described,  yields  od  evaporation  a 
soft-solid  mixture  of  margaria  and  oiein  witki  a  little  stearin.  By  compresBiun 
between  Q>lds  of  blotting-paper,  and  resolution  in  ether,  it  is  rendered  tolerably 
pare.  In  this  stale  margorin  very  much  resembles  stearin;  it  is,  however, 
more  fusible,  melting  at  116°  MG^'GC),  and  very  mnch  more  soluble  in  cold 
ether.  By  aaponificatioD  it  yields  glycerin  and  margaric  acid-  The  proper- 
ties of  this  tast-named  substance  resemble,  in  tbe  closest  manner,  those  of 
steotio  acid ;  it  is  different  in  composifion,  however,  more  soluble  in  cold  spi- 
rit, and  has  a  lower  melting-point,  vii.,  140°  (GO°C)  or  thereabouts.  Its  salts 
also  resemble  those  of  stearic  acid. 

A  more  or  less  impure  mixture  of  stearic  and  margaric  acids  is  now  very 
fntensively  used  as  a  substitute  for  nai  and  spermaceti  in  the  mannfacture 
of  eandles.  It  is  prepared  by  saponifying  tallow  by  lime,  decomposing  tbe 
insolnble  soap  so  formed  by  boiling  with  dilate  sulphuric  acid,  and  Uien  presH- 
ing  out  the  fluid  or  oily  portion  from  the  acidified  fat. 

The  solid  part  of  olive-oil  is  said  to  be  a  definite  compound  of  true  margaria 
and  olein,  inasmuch  as  its  melting-point,  68°  (20°C),  is  constant;  it  gives  by 
paponification  a  mixture  of  margaric  and  oleic  acids. 

Recent  researches  made  by  Heinli  have  thrown  some  doubts  on  the  exist- 
ence of  margarin  and  margaric  acid.  Heintx  considers  margarin  as  a  mixture 
of  stearin  and  palmilin,  margaric  acid  as  a  mixture  of  stearic  and  palmitio 
acid  {see  page  427).     The  sntiject  is  still  under  discussion. 

Olsis  Attn  OLEIC  AOTD. — II  is  doabtful  whether  a  perfectly-pure  olein  has 
Tot  been  obtained;  the  separation  of  the  last  portions  of  margarin,  with  which 
It  ia  always  naturally  associated,  is  a  task  of  extreme  difiiculty.  Any  fluid 
oil,  animal  or  vegetable,  which  iiaa  been  carefully  decolorized,  and  filtered  at 
■  temperature  approaching  the  freeiing-point  of  water,  may  be  taken  as  a 
representative  of  the  subalance.  Oleic  acid  macb  resembles  olein  in  physical 
characters,  being  colorless  and  lighter  than  water;  bat  it  has  usually  a  dis- 
tinctly-acid reaction,  a  sharp  tastn,  and  is  miscible  with  alcohol  in  all  propor- 
tions.  When  submitted  to  the  action  of  nitric  acid,  it  yields  allnoet  tbe  whole 
series  of  acids,  of  which  formic,  acetic,  propionic,  butyric,  kc,  are  members, 
and  which  have  been  mentioned  in  a  previous  section  of  this  work. 

VbeD  stearic  or  margaric  acid,  or  ordinary  animal  fats,  are  exposed  to  des- 
tractive  distillation,  they  yield  margaric  acid,  a  fatty  body,  incapable  of  sapo- 
nification, termed  margaront,  a  liquid  carbide  of  hydrogen,  and  various  .par- 
maneDt  gases.  The  neutral  fats  furnish  besides  an  extremely  pungent  and 
even  polsonoua  volatile  principle,  called  acrolein,  (see  page  412.) 

In  tbe  manufacture  of  ordinary  soaps  both  potasaa  and  soda  are  nsed;  the 
former  yielding  lo/l,  and  the  latter  hard  soaps.  Animal  and  vegetable  fats  are 
employed  indiffereolly,  and  sometimes  reain  is  added. 

CompiuiUon  of  the  preceding  Sabilanca. — Tbe  following  are  the  formula  at 
present  generally  aasigned  to  tbe  fatty  acids  in  question; — 
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If  these  rormnln  be  CDirect,  stearic  and  margarie  acids  are  homolognee  of 
lormic  aod  acetic  acid.      The  fonnala  uf  margaric  acid  is,   hovever,  bjPQ 
Beans  wril  established. 
'      Oleic  ncid,  from  aimoDd-oil,  bntler,  and  beef-saet,   gave  resntti  agnoig 

Sretty  well,  and  Tending  to  the  forttuln  C^HaO^-UO,  the  oleic  acid  of  g«w.- 
it  and  oliie-oil  having  the  same  compoaition.  FormEr  researchea  had  lid  lo 
different  resalls,  which  are  explained  bj  the  extreme  proneness  U>  oiidafion 
of  the  mbslnnce  iteolf.  The  oleic  ncid  obtained  from  lineeed-oil  appears  to 
differ  from  the  prpcedicg  substance,  its  analyus  having  led  to  the  fonmili 
C^n4,0,,H0. 

Margnrone  probably  contaiDB  C^H^O,  or  mnrgario  acid  maaa  1.  eq  o[ 
carbonic  acid. 

Margaric,  stearic,  and  oleic  acids  have  many  properties  in  common ;  thtir 
aattB  mnch  rBsemble  ench  other,  those  of  the  aUialicB  being  soluble  in  pun 
water  when  warm,  hot  not  in  saline  aotutlons.  A  large  quantity  of  csld 
water  added  to  an  alkaline  margarale  or  stearate  occasions  the  aeparatioii  uf 
a  crjBtaHine,  inBoloble  ncid  salt.  The  margaratea,  etearales,  and  oleateanf 
lime,  baryta,  and  Che  oiidirs  of  the  metals  proper  are  inEoluble  in  water.  Tbi>; 
are  eaaily  obtained  by  doable  decomposition,  and  in  some  few  casea  by  direct 
Mtion  on  the  neutral  fat.  A  solution  of  soap  in  alcohol  ia  sometinies  nsed  u 
a  test  for  the  presence  aod  quantity  of  lime,  h-c,  in  waters  under  examinatiaii 
{see  page  260). 

Ethebs  or  THH  riTTT  ACIDS.  —  Stearic  eOier  is  obtained  by  pasting  byiiro- 
ohlorio  acid  gas  into  an  alcoholic  Bolution  of  stearic  ncid;  it  eontaim 
AeO.C,iH_0|.  It  resembles  white  wax,  is  inodorous  and  tasteless,  melts  *l 
G6°  (i<D°C)  and  cannot  be  distilled  without  decompoEition.  It  ia  rcadil; 
decomposed  by  boiling  with  canstio  alkalies.  Marganc  elhtr  is  prepared  hj 
a  similar  mode  of  proceeding.  When  purified  !Vom  eicesH  of  acid  by  Bg^t»Boti 
with  Euccessive  small  qnantitiea  of  weslt  spirit,  and  afterwards  made  to  crys- 
tallize alowly  from  the  same  menstruum,  it  forms  regular,  brilliant,  colorltfa 
crystals,  fusible  at  70°  (ElO'lC),  and  distilling  without  decomposition;  when 
I«S8  pure  it  is  in  p'eat  part  destroyed  by  this  latter  process.  Margaric  ether 
ll  said  to  contain  AeO.C^H„0^  An  oleic  elhtr,  and  correeponding  oomponnda 
of  seierftt  other  leas  important  fatty  acids,  have  been  formed  and  describeil. 
They  greatly  resemble  each  other  in  character. 

GltCbbiV,  C,H,0,,  —  This  substance  was  ori^nuHy  obtained  bj  beatioK 
together  olive  or  other  aoitable  oil,  protoiide  of  lend,  and  water,  aa  in  the 
manufacture  of  common  Uad-plaiUr;  an  inaolubla  aonp  of  lead  is  formed, 
while  Ibe  glycerin  remaina  in  the  aqueous  liquid.  The  latter  ia  treated  wilh 
ralphnrettcd  hydrogen,  digested  with  animal  charcoal,  filtered  and  evacnated 
tn  eaeuo  at  Uie  temperature  of  the  air.  It  is  now  prodaced  in  very  large  quan- 
ti^  and  of  perfect  parity  in  the  decomposition  of  fatty  Bubstanoes,  by  neua 
of  overheated  steam,  a  process  which  Mr.  George  Wilson  has  lately  introduori 
Into  the  manufacture  of  candles.  In  this  reaction,  both  the  fatty  acid  and 
the  glycerin  aasimiUte  the  etemente  of  water,  and  the  excess  of  steam  carries 
over  a  mechanical  mixture  of  glycenn  and  fatty  aclda,  which  rnpidly  separslM 
into  two  laysra  in  the  receiver. 

In  a  pure  state  glycerin  forms  a  nearly  colorless  and  very  viscid  liqnid  i>f 
ip.  gr.  1'27,  which  cannot  be  made  to  crystatliie.  It  has  an  JntenBely-cwMt 
taste,  and  mixes  with  water  in  all  proportions:  its  eolnlion  does  not  undergs 
the  alcoholic  fermentation,  but  when  mixed  with  yeast  and  kept  in  a  warm 

Elace,  it  is  gradually  converted  into  propionic  acid  (see  page  411).  Gljeerin 
aa  no  aati<m  on  vegetable  colors.  Exposed  to  heat,  it  volutiliiee  in  pari, 
darkens,  and  becomes  destroyed,  one  of  its  products  of  destruction  beiagi 
■ubatauoe  poasessing  a  most  powerfally-penetrating  odor,  called  ocroleiD. 
"ThioU  hai  been  already  mentioned  under  the  head  of  propyl  series  (see  jkjo 
'tj.     ConoentrfttBd  nitric  acid  oonverld  it  into  glyceric  acid,  C,H»0,  diliM 
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•aid  into  oxalic  said.     A  mixture  of  nitrio  and  Balphnrio  noids  prodneea  s 
Bnhgtitotion-conipounii,    nilTB-glt/cfrin,   CjHsJNOjjjOj.   a   benTj  oily  liquiil, 
poirerfnEy  exploding  by  eoncuasion. 

Glyoerin  combineB  witb  the  ElemeDts  of  sulpbuTJc  scjd,  fDrmicg  a  camponnd 
Boid,  the  lulphoglscrrk,  C,H^,,2S0,.H0,  which  givra  solnble  eolts  with  lime, 
linrytH,  rtnd  protoxide  of  lend.   Sobniilted  to  the  aotioa  of  iodide  of  pbosphoruB, 
glycerin  ie  coDverted  into  iodide  of  propylene  ttad  other  oompounda. 

M.  Bertbelot  hue  eticceeded  in  combining  glycerin  with  a  great  nmnber  of 
aei<ls,  nnd  prodncing  in  this  manner  artiBoiaily  a  eeriea  of  coinpounde,  Thiob 
nre  pnrllj  identical  with  iho  fata  Qccnrring  in  nature,  and  partly  analogous  to 
Iheao  Eubatnocea.     They  are  generally  obtained  by  the  direct  action,  daring 
Hcverat  honra,  of  the  acids  npon  glycerin  in  closed  Tesacla  at  temperiiturea 
varying,  according  to  circnmslnncea,  from   21^=   to   586°  [100°to  280=0). 
Three   oomponiidB   of  Btearic  acid  with  glycerin  have  been  thoa  produced, 
which  M.  Bertbelot  distingnisbea  na  monoaCenrin,  biatearin,  and  tristearin. 
There  are  likewise  several  artificial  margarin?,  palmitiDs,  and  oleina.     The 
deportment  of  theae  bodies  is  perfectly  analogous  to  that  of  neutral  fata. 
Componnds  with  acetic,  butyric,  and  laleric,  benzoic,  camphoric,  and  even 
with  hydrochloric  acid  have  likewise  beaD  obtained. 

The  study  of  these  artificial  componnds  has  thrown  much  light  upon  the 
iistnre  of  glycerin,  and  the  compounda  of  Che  substances  which  occur  in 
nature,  that  is,  the  neutral  fatty  bndiea.     It  results  from  these  reaenrches 
that  glycerin  is  a  snbstance  annlofious  to  alcohol  in  general  character,  but 
differing  from  the  latter  hy  the  variety  of  proportions  in  which  it  can  be 
oombined  with  the  aoida.     lu  fact,  M,  Bertbelot  has  pointed  out  three  classes 
of  componnds  which  glycerin  is  capable  of  forming  with  the  acids.     With 
Boetic  acid,  for  inslnnce,  it  forma  three  nnmbinationa,  — monacelin,  diaoetin, 
and  triacetio, — wbich  may  be  formulated  in  the  following  mniiaer ;  — 
Glycerin  .        .        ...         .     C,  F,  0,   =  C.HsOyaHO 

Monacetin        ....     CuHjoOg   =  CjH,0.,2H0,  C.H.O, 

Diaoetin C„H,jO,„  =  CjH^Oa,   H0,2C,H,^ 

Triaeetin  ....     C,,H„Oij  =  C,H^„         SCjbjOj 

Id  a  similar  manner,  three  different  stearins  may  be  distinguished :  — 
Monoatenrin         .        .         .     C„  H,,  Op   =  C,H50,.2HO,  C^H^jO, 
Biatearin     .        .         .         .     C„  H„  0,o  =  C,Hfi^,   HO,2C„1!„0, 
Triatearin    ....     C,„H[,„Oa  =  C.HjOj,         SCatffjsO,. 
Tristearin  is  the  atoarin  which  occurs  in  natnre. 

Tbe  formation  of  glyoerin  from  tribromide  of  allyl  baa  been  mentioned  undn 
the  head  of  propyt-aeries.  , 

Palk  aho  cocoa  oiLa.  — These  substances,  which  at  the  common  tempera- 
ture of  the  air  have  a  soft-solid  or  buttery  consistence,  are  now  largely  con- 
samed  in  this  country.  Paint-oil  ie  the  produce  of  the  Elaw  giiianintit.  and 
comes  obicSy  from  the  coast  of  Africa.  It  has,  when  fresh,  a  deep  orange- 
red  lint,  and  a  very  agreeable  odor;  the  coloring  matter  —  the  natnre  of 
which  is  unknown  —  is  easily  destroyed  by  eipoaore  to  light,  especially  at  a 
high  temperature,  and  also  by  oiidiiing  agents.  The  oil  melts  at  SO' 
(2U°-6C).  By  cautious  pressure  it  may  be  separated  into  a  (laid  olcin  and  a 
solid  substance,  pahaitin,  which,  when  purified  by  oryatalliaation  from  hot 
ether,  is  perfectly  white,  fusible  at  118°  {1T°-8C},  aolable  to  a  small  extent 
only  in  boiling  alcohol,  and  convertible  by  saponification  into  palmitic  add. 
The  latter  resembles,  in  the  closest  manner,  margario  acid,  and  has  Ihe  same 
melting-point;  it  differs  in  compoaition,  however,  containingC_}l,,(^,UO.  By 
keeping,  palm-oil  seems  to  sufi'er  a  change  similar  to  that  produced  by  saponi- 
flcation:  in  this  state  it  is  found  to  contain  trncea  of  glycerin,  and  a  oon- 
^d«t«ble  loanUty  of  oleic  acid,  together  with  a  solid  fatty  acid,  first  auppostd 
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to  be  mKrg&ric.  but  vhieh  is  pmbnbly  pmhnitic  ftcid-     The  oi 

■nd  ranaid.  and  ita  ineltiDg-poiDt  is  rained  at  the  wme  time.  Cutmi-ttt,  I 
extracted  from  the  kenii>l  of  tbe  oommtin  coeoa-nut,  is  v bite,  niid  h&B  s  U  I 
Ims  agreeable  sinell  tbao  the  preceding,  ll  coDtaios  olcin  anJ  a  solid  fil^  I 
often  used  as  a  tabstilute  for  tallow  in  making  candles,  which  by  BapoDJGcitioC.fl 
gives  a  crjstalliuible  fatt;  acid,  eocinit  adii.  baTmg  the  usual  propertiea  o( 
ibue  bodies,  and  melting  at  95°  (36°-6C).  1(  is  CDraposed  of  CaH^Og.HQ. 
Both  this  and  pnlmiiio  acid  ate  monobasic. 

The  solid  vegetable  fat  from  the  Myrittica  mnichata  contaias  a  volatile  oil,  I 
flnid  olein,  end  a  solid,  crjatalli table,  fatC;  principle;  this,  when  EaponiSid^I 
vhioh  takes  place  with  difficulty,  yields  myriilie  add.     Tliis  Bubstance  li)tl 
beon   eiaminod   b;  Dr.  Plajfair:   it   mella  at  120°  (48°'8C'),  and   i 
C^^,fit.RO.     It  is  monobaBic. 

Cacao-butler,  extracted  fi«m  the  crashed  beana  by  boiling  with  water, 
yields  by  saponification  a  fally  acid,  identical,  according  to  Dr.  StenhouM, 
with  the  stearic  acid  from  animal  fat. 

Eludib  AMD  iLAiDic  AoiD. — When  oliTe-oil  is  mixed  with  a  small  qnantily 
of  nitrons  acid,  nitric  acid  containing  that  sabslance,  or  solution  of  nitrate  of 
mercury  made  in  tbe  cold,  it  becomes  after  a  few  boars  a  yellowish,  soft-soUd 
mass,  whieli,  preesed  and  treated  with  alcohol,  furnishes  a  pecaliar  while, 
nrystalline,  tatty  substance,  termed  tlaidin.  It  resembles  a  neutral  fsl  in 
properties,  melts  at  90°  (32°'2C),  dissolves  with  difficnlty  in  baiting  alcobel, 
easily  in  ether,  and  is  resolved  by  saponification  into  glycerin  and  tlaidk  aat 
which  much  resembles  margarie  acid.  Oleic  acid  is  direcll;  converlible  Bj 
nitrous  acid  into  elaidio  acid.  It  is  not  every  kind  of  oil  which  (nrr'"'~ 
elaidin;  the  drying  oils,  as  those  of  linseed,  poppjr-seed,  walnuts,  fto., : 
to  solidify;  almond-,  olive-,  and  caHtor~ails,  possess  the  property  it 
degree, 

El^dic  acid  appears  to  have  (he  same  composition  as  oleic  acid,  ■ 
CiiH.O^HO. 

The  action  of  sulphuric  acid  upon  olive-oil  has  been  studied  by  M.  Frji 
When  the  oil  is  slowly  and  cautiously  mixed  with  half  its  volume  of  concentra 
eulphurio  acid,  all  rise  of  temperature  being  avoided,  a  homogeoeans  liquid  11 
obtained,  which,  when  mixed  with  a  little  water,  separates  into  two  biyar 
the  tower  consisting  of  snlpho-glycoric  and  free  sulphuric  acid,  and  tbe  Dp{ 
and  syrupy  portion  of  two  compound  acids,  the  tulphomaTgarrc  and  *ti^oji 

These  latter  dissolvo  in  a  large  quantity  of  water,  but  after  BOl 
undergo  decomposition  into  eulphnric  acid  and  several  new  fatty  a 
which  the  namea  meWworjonc,  Ajdromaryarie,  hj/dromargarilic,   mtlo: 
ht/iirulfic  were  given.     The  first  three  are  derived  from  the  elements  of  fl   _ 
Bulphomargaric  acid;  tliey  are  solid  and  orystiltiiable,  and  much  rcaembi* 
ordinary  margaric  acid,  difi'ering  slightly  from  that  substanae  and  from  eaeb 
other  in  their  melting-poiuls,  degree  of  solubihty  in  alcohol.  &c.    Tbe  metolcis 
and  hydraleic  acids  are  fluid,  and  are  derived  from  the  aulpholeic  a< 
mixture.     They  yield  carbonic  acid  and  liquid  hydrosarbons  by  destruclivt  _ 
distillation.     The  composition  of  these  fatty  acids  is  yet  uncertain,  but  in  iS 
I    probability  they  only  differ  from  margaric  and  oleic  acids  by  the  dementi  <| 
[    water.     The  action  of  sulphuric  acid  upon  the  oil  is  thus  somewhat  eimi]ar|j| 
the  eSect  of  saponification,  the  neutral  fat  being  resolved  into  margarioH 
oleic  acids  and  glycerin,  the  whole  of  which  then  combine  with  the  elemM 
of  salphuric  acid  to  form  compounds  belonging  t<i  the  large  group  of  M 
Btances,  of  which  Bulpbovinic  acid  is  the  typical  member. 

The  sulphuric  aaponificatioa  of  fntty  bodies  is  now  carried  out  oi 

large  scale  for  producing  cheaper  varietieB  of  "ifian'n  candlre."     I 

purpose,  inferior  fatty  bodies,  suoli  na  paliu-oil,  are  miied  with   5  0 

L  Bent,  of  concentrated  solphuria  acid,  and  expoFied  to  a  temperature  of  H 

KfirT'C)  produced  by  overheated  steam      After  cooling,  the  block  n       '* 
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obtained  crystallizes  to  a  toleralil^'-sciliil  fat,  nhich  is  washed  once  or  tvioa 
with  waler,  and  Ihen  sabinitted  to  distillation  by  tlie  aid  of  stenni,  l.EBted  to 
about  660"  (29e°-6C).  Tlie  product  of  the  dietillatioti,  which  is  henulifoIlT 
while,  miij  be  at  once  used  for  mailing  candlca;  frequently.  liowcTer,  it 
undergoeB  the  proceases  of  cold  nnd  kol  probing,  vherebj^  a  much  mors  solid 
tut  is  oblAined. 

Sprkmaoeti.  —  The  aoft-Bolid  matter  found  in  very  Isrgo  quantity  in  n 
remarkable  cavity  in  tbe  head  of  the  sperronceti  trhnlo,  when  submitted  to 
pressure,  yields,  as  i«  well  Itnown,  n  most  Tnlunble  fluid  oil,  and  n.  cryBtalliiie 
broHuish  substance,  which,  vhen  puri&ed,  becomes  the  beantifal  snow-white 
article  of  commerce,  Bpermaceti.  This  substunee  appears,  by  tnore  receat 
experiments,  to  be  a  aeatral  fatty  body  of  the  oonstitution  of  compound  ethers. 
It  melts  at  1^0°  (JS^-eC),  and  when  cooled  under  favorahle  circumstitnuiia. 
forms  distinot  cryrlalB.  Boiling  alcohol  diesolTes  it  in  small  qunnlitji  nnd 
ether  in  mnoh  larger  proportion.  Spermaceti  la  gnponlGed  witb  great  difB- 
culty:  (wo  products  are  abtuned,  a  substance,  C^H^O^  belonging  to  the 
■eriee  of  alcohols  (see  page  421),  to  which  the  name  reli/lic  [elhalic)  alcohi^ 
has  been  gi»en,  and  palmitic  (cftyOe,  Mfiaiic)  aeid,  I'sjHjjO,  ;  the  first  is  a  orya- 
talliiable  ist.  whose  melting-point  is  nenrly  the  same  as  that  of  spermnceti 
iUelf,  but  ita  solubility  in  alcohol  is  much  greater ;  it  ii  also  readily  sublimed 
irithoul  decomposition.  Pnlroiiio  acid  stands  to  cetylio  alcohol  in  the  same 
relation  aa  acetic  acid  to  ordinary  alcohol,  and  may  h«  actually  prooured  from 
the  liktter  by  oxidation;  it  resembles  in  many  respecta  margaric  acid.  By 
oxidation  by  nitric  acid  spermaceti  yields  a  largo  quantity  of  succinic  add. 

Spermaceti  is  composed  of  C5,H„0,  =  CaHsa0't'»f'»i0i;  '*  "a  cetylnte  of 
oxide  of  cetyl,  and  represents  In  the  cetyl-seriea  the  acetic  ether  of  the  com- 
loaD  alcohol-seriea.  Accoidiog  to  the  recent  researches  of  Heintz,  the  consti- 
tution of  spermaceti  is  less  simple.  He  believes  that  it  is  a  miitare  of  seTeral 
homotcgous  compounds,  which  are  diiEcult  to  separate. 

Wak.  —  Conimon  btea'-viax,  freed  from  its  yellow  coloring  matter  by  bleach- 
ing, may  be  separated  by  boiling  alcohol  into  two  diflerent  proiimata  princi- 
plea,  eerin  and  tnyruuL  The  first  is  a  white  crystaUine  substance,  soluble  in 
about  16  parts  of  boiling  spirit,  ond  melting  at  144°  (62°-2C)  ;  it  is  the  more 
•buadant  of  the  two.  It  la  easily  saponified  by  a  solution  of  caustic  potassa. 
According  to  Brodie's  lalaable  experiments  it  consists  chiefly  of  cerotic  acid 
(CMllnO,,HO),  which  belongs  to  the  series  of  fatty  acids  {see  page  422).  The 
Game  liudy  in  a  very  interesting  form  of  combination  exists  in  C/iiti/te  wax, 
which,  according  to  Brodie,  is  a  componnd  ether  containing  carotio  acid  com- 
bined with  the  ether  of  cerotylio  alcohol,  C^H^CHO.  It  may  be  viewed  as 
oerotale  of  oxide  of  ceroty!,  C^HmO.C^HjjOj,  corresponding  to  the  acetic  ether 
of  the  wine-alcohol  scries.  When  heated  with  potassa  it  undergoes  the 
changes  peculiar  to  compound  ethers,  yielding  on  the  one  hand  ccrotate  of 
polasaa,  and  on  the  other  hand  cerotylic  alcohol.  Myricin  is  very  mnch  less 
soluble  in  alcohol,  and  rather  more  fusible.  It  is  saponified  with  diflicalty  by 
ft  dilute  solution  of  caustic  potassa,  palmitic  acid,  C,gH,,Og.HO  (see  page  422), 
enmbiaos  with  the  potassa,  and  n  substance,  Ca,ll,,0,HO.  belonging  to  the 
Bsi'ies  of  alcohols,  is  set  free,  which  has  been  termed  melissic  alculiol.  Hence 
nifrioin  is  likewise  a  compound  ether,  namely,  palmitate  of  oxide  of  melissjl, 
C-i'^Oi  =  t;«i".tO.Cs,H„0,- 

SvmR;  TOLATiLi  AOiDs  Of  BDTTKit.— Commou  buttsr  chiefly  consists  of  a 
■olid,  oryst^i II liable,  nnd  easily-fusible  fat,  a  fluid  oily  sabatance,  nnd  a  yellow 
euloring  matter,  besides  mechanical  impurities,  as  casein.  The  oily  part  ap- 
pears Ui  be  a  mixture  of  olein  and  a  peculiar  odoriferous  fatty  principle,  buly- 
rn,  which  by  saponificntion  yields  four  distinct  volatile  adds,  the  but/zric.  the 
taproic,  the  capri/iic,  nnd  the  caprie  or  tulic:  these  are  most  easily  obtained  by 
•aponifying  butter  with  potassa  or  soda,  adding  an  excess  of  sulphuric  ncid, 
tad  distilling.     The  add  watery  liquid  obtained  may  then  be  saturated  wttli 
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Itlkali,  avnporalod  ta  r  smnll  bntk.  and  Ihea  d!eUI)ed  hIDi  eic««  of  idV 
pharic  or  pboephoric  acid  in  a  relort.  Tbe  miivd  acids  are  sopantedbj 
taking  ndTantngc  ot  tlie  unequal  soiubility  of  llioir  hftr;t»-HRlls;  the  1m 
Boluble  e&lu  o[  (be  miitui'e  amounting  (□  ubout  >^  of  tlie  wbolc  niBat,  eontuD 
eapric  and  caprjiic  acids;  tbe  larger  and  moro  soluble  portioD.  the  caproioud 
butyric  acids.     The  properUea  of  butf  ric  ucid  are  deacribod  uiider  the  head  of 

CiPftoic  ACID  forms  a  eolorlera  liquid,  of  xp.  gr.  0922.  boiling  at  SSS°'4 
(1!)S°C):  it  has  a  fesbk  odor,  Botnewliat  resembling  that  of  acetic  acid,  nndia 
mnch  leas  soluble  in  water  tban  bntjric  acid.  It  contains  CaI{„0|.HO.  The 
artificial  formation  of  this  ncid  from  eyanida  of  amyl  has  been  already  nolJMil 
(see  page  41T).  Caproic  acid  has  been  submitted  to  the  action  of  the  gnl'iiine 
Eurrcnt.  BlesBra.  Bmiier  and  GoBsIeth  have  prnved  that  its  effect  upon  tkli 
acid  is  analogous  to  that  upon  Tslerio  acid,  and  Ibat  tbe  principal  prodnetii 
the  bydrocarbou  amyl,  CuM  „.  proiiouBly  obtained  by  Dr.  Franklaod  by  Uh 
action  of  line  upon  iodide  of  amy!  (see  page  417). 

Cafbylic  acid  is  cbiafly  remarkable  for  exhaling  a  powerful  and  diapuH- 
Ing  odor  of  peraplration.  It  oontaina  C«H„0,,HO.  This  acid  has  been  laldj 
obtained  by  a  very  interesting  reaction,  namely,  by  the  oxidation  of  tbe  net 
oaprylic  alcohol  diacOTered  by  M.  Bouis  among  the  products  of  docoiupoBiUoo 
of  oostor-oil  (see  below). 

Capsic  oe  BtiTio  ACID  Diucb  rcssmblss  caproio;  it  has  a  mixed  odurrf 
acetic  acid,  and  the  smell  of  the  goat,  and  is  very  aparingty  soluble  in  «il«. 
Its  formula  is  CmQuOs.HO. 

The  simple  relation  oiisting  between  the  formulte  of  the  volatile  anids  of 
butter,  which  are  all  members  of  the  series  of  fatty  Bcids,  has  been  ab-e*()f  ,  l 
pointed  nut  (see  page  422).  J 

Tb«se  acids  exist  ready  formed  in  rancid  butter  and  in  clieese,  iiBSOciMQl<  J 
with  Taleric  acid.  They  are  produced  in  small  quantity  by  tbe  saponifiMttftfl 
of  most  animal  and  some  vegetable  fats,  together  with  other  products.  Bvl 
tyrio  acid  has  been  obscrred  also  as  a  product  of  the  Bpontaneoua  deeoop^  I 
aition  of  fibrin,  and  pr«-eiisCs  in  the  leguminous  &uit  known  as  Bt.  Jahii't 

Wbale-  and  seal-oil  yield  by  saponification  a  volatile  acid  greatly  reseDl- 
bling  the  preceding,  called pAoemia  or  dilphinic  and:  it  was  formerly  beliemii 
to  be  a  peculiar  a«id,  but  it  is,  according  to  recent  eiperiments,  nothing  bol 

Castob-oil.  which  differs  in  some  respects  from  tbe  ordinary  vegetable  oilf, 
yields,  by  oiidation  with  nitric  ooid,  a  peculiar  product,  namely,  a  volnlilB     I 
fatty  aoid.  to  which  (he  term  eenanlhylie  has  been  applied.      It  fonna  a  C01o^      I 
less,  oily  liquid  of  aromatic  odor  and  burning  taste,  and  slightly  aolohle  in     I 
water.     It  refuses  to  solidify  at  a  vary  low  temporature,  and  caonot  be  dis- 
tilled alone  without  some  decomposition,  although  its  vapor  passes  overreiulil/ 
with  that  of  water.     This  body  has  distinct  acid  properties,  forms  a  aeries  of 
EallB  and  an  ethor,  and  contains  C,tFI„0,.FIO.     Under  tbe  influence  of  llit 
galvanic  current  it  undergoes  a  decomposition  similar  to  that  of  valeric  acid, 
according  to   Messrs.  Braiicr  and  Gosslelh,   tbe  principal   product  bping, 
together  with  a  hydrocarbon  containing  equal  equivalents  of  oarban  and  hydro- 
gen, an  oily  aubstance,  C^H,,.  boiling  at  SI}S°'6  [202''CJ.  to  which  the  nwit 
taproyl  has  been  given,  and  which  may  be  viewed  as  the  radical  of  tbe  alcuioi 
of  caproio  acid,  Ci,H„0,HO,  still  to  be  discovered. 

Caator-oil  baa  Ulclj  become  tbe  source  of  a  new  alcohol  in  the  hands  of  N. 
Bonis.  According  to  bia  researches,  there  is  present  in  castor-oil  a  pecoliiir 
oleic  acid,  rieinoltic  acid,  which  contains  C-H^O^IIO,  i.  t.,  2  eq.  of  oiygeo 
more  than  common  oleic  aoid.  If  this  acid,  or  mure  conveniently  castor-oil 
itself,  be  heated  with  solid  hydrate  of  potassa,  an  oily  liquid  distils  over,  bffll- 
Ii);at356<'(I80°C),  which  is  the  aicohol  of  caprylicacid.   It  eonlaina  CmE,.0.      j 


ffi),  and  is  leailily  eonyerled  inla  csprjlio  add  (see  pago  480),  bj  treBtmeat 
with  oridiiing  agenta.  Tbo  residuB  in  the  rotort  conlaina  aabacalB  orpotasaa, 
this  transformation  ifl  reprteeuWd  by  the  following  equation:  — 

C„H„Oi,HO  +  2(KO,E0)  =  2K0.Cj„H„0,  +  C„H„0,HO  +  2H 

Ricinoleic  acid.  Sobjicate  of  Caprylio 

potassa.  aicohol. 

The  ether  correepoDding  to  caprjiic  alcobnl  is  not  yet  kDown.  Compounds, 
noveTor,  of  tbU  ether  nitli  nieChylic,  elhytic,  and  ainylic  ethers  have  been 
lately  described  by  Mr.  Wills. 

The  baaa  corregpondiDg  to  this  alcohol,  eaprylaininc.  has  been  obtained  by 
Mr.  Squire  nnd  M.  Cnhoura.  It  conlaina  C„H[,K.  (See  further  on,  the  seo- 
Hon  an  the  Organic  Bases.) 

Tbo  Boids  derived  from  butter  and  from  castor^oiJ  are  also  produced, 
bigeltaer  with  forniio.  Rcetic,  and  propionic  acids,  by  t)ie  nclion  of  nitric  acid 
■pan  oleio  acid.  Thie  reaction  furnishes,  moreoyer,  an  acid  not  coutaioed  in 
bBtlir,  but  closelj  allied  to  the  baiter  acids.     Thin  acid  is, 

F1U.ABQOHII]  m\o.  C|gH,,0|,EIO,  whicli  occupies  the  place  betweeo  cnprylio 
and  capric  acid.  It  is  a  liquid  of  a  slightly- disagreoabla  odor,  which  boils  at 
600°  (2C0°C).  It  was  first  obtained  from  the  leaves  of  the  geranium  [PtlaT- 
gomim  raifum),  in  which  it  exists  ready  formed.  It  may  be  procured  ia 
larger  quantity  by  the  action  of  nitric  acid,  upon  the  essential  oil  of  rue  (see 
fiuEliBr  on).  The  ether  of  pelnrgonic  acid  may  be  easily  produced  by  dissolv- 
ing the  acid  in  strong  alcohol,  and  passing  a  curroal  of  hydrochloric  acid 
throDgh  tbe  Bolmion.  Tbie  ether  contains  C„H„0,  =  AeO,C„M„Os;  its  ape- 
eifta  gravity  is  O'SG'2;  its  boiling  point  482°  [2aO°(3).  It  pusesses  a  poweiful 
.And  a  most  intoxicating  vinous  odor. 

,  The  nroma  possessed  by  certain  wines  appears  to  be  due  to  the  presence  of 
U)e  ether  of  pelargonic  acid,  which,  in  this  case,  is  probably  generated  during 
tennentation.  When  such  wines,  or  the  residues  of  their  fermentaUan,  are 
distilled  on  the  large  scale,  an  oily  liquid  passes  over  towards  the  close  of 
the  operation,  which  consists,  In  great  measnrc,  of  the  crude  ether ;  it  may  be 
purified  by  agitation  with  sotutioos  of  carbonate  of  potassa,  freed  from  water 
bj  A  few  fragments  of  chloride  of  calcium,  and  redistilled.  Tbe  pelargonio 
ether  obtained  by  this  process  nas  originally  described  as  teoanthic  ether,  and 
Ore  acid  as  ceoanthic  acid.  We  prefer  the  name  pelurgotila  acid,  in  order  to 
dislingaish  [his  substance  better  from  cenanlbylic  acid,  C|,II|,0|,HO. 

Sdbbbio,  sDCCiMio,  AND  ssBAcic  ACIDS. — Suberic  add  baa  long  been  known 
fta  A  product  of  the  oiidation  of  cari  by  nitric  acid ;  lucdnie  add  is  obtained 
by  the  disUllation  of  ambtr,  a  fossil  resin.  Recently  both  have  been  produced 
by  the  long-con  tinned  action  of  nitric  acid  upon  stearic  and  margaric  acids. 
Suberic  acid  ia  a  white  crystalline  powder,  sparingly  soloble  in  cold  water, 
fUuble  and  volatile  by  beat;  it  contains  C,|H,gO,. 2 HO.  Succinic  acid  forms 
regular  oolorlcas  crystals,  soluble  in  6  ports  of  cold,  and  in  half  that  quantity 
of  boiling  water;  it  is  also  fusible  and  volatile  without  decomposition,  and 
eontains  CbH,0j.2II0.  The  remarkable  production  of  this  aubstance  from 
malic  acid  by  a  process  of  fermentation  has  been  already  mentioned.  Stbaeie 
aeii  is  a  constant  product  of  the  destructive  distillation  of  nleic  acid,  olein,  and 
nil  fatty  su balances  containing  those  bodies;  it  is  eitrncled  by  boiling  the  dis- 
tillad  matter  with  water:  it  has  also  been  lately  formed  by  the  action  of 
PotasBa  on  castor-oil  (see  above).  It  forms  small  pearly  crystals  resem- 
bling Ihoso  of  benzoic  ncid.  It  has  a  faintly-acid  taste,  ia  but  little  soluble  In 
Mid  water,  mv\V>  when  healed,  ami  sublimes  unahanged.  Sebaeic  acid  is 
■omposed  of  Ca,rf^O,,:;nO. 
Suberic,  aacciitic,  and  sebncio  ncid  belong  to  a  ?BHca  of  bomologona  bibasio 
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^^H  Midi,  of  whi^  omUa  said,  itie  bibaHio  ebanuiter  of  vbich  « 

^^H  poinUd  i>at,  IB  the  l;po.     ThU  series,  which  includes,  moi 

^^H  jiimiUc  Aoidx,  two  BUbatitnaBB  producod  hy  the  action  of  oxidiiing  agenla  apoa 

^^H  hit;  bodies,  B.ad  nnclioio  Bcid,  latel]'  observed  b;  M.  Buokloo  among  the  pro- 

^^^1  dacta  of  oiidntiOD  of   Chiaene  wui,  runs  pnrsllel  with  tbe  seriea  atfV''''' 

^M  Forr 

'  Acel 


monobttsic  acida,  as 

eon  in  the  following  table  i  — 

Wonoi-H 

Acid,. 

miaic  Add,. 

Formic  scid 

C,  H  0,H0 

Acelio  >dd        . 

C«H,0,.HO 

Oialio  aoid      .         . 

C^      0,.2HO 

Propionic  ac!d  . 

c,  h.o'ho 

! 

C,H,0,.2BO 

Butyric  noid      . 

r,  H,0,,HO 

Succinic  aoid  . 

C,H,Or2H0 

Valerio  aoid       . 

C„II,0,,HO 

Pjrolartario  acid      . 

C-oBX-aHO 

Caproic  acid      . 

CuH„0,,HO 

Adipio  acid     .         . 

C„H,0^2HO 

(Etianthylio  acid 

CuH,90„HO 

PimelicBCid    . 

CuH„0_2H0 

Cnprjlio  acid    . 

C.HuO,.HO 

Suberic  acid   . 

C^e„0^2HO 

Pelargonio  noid 

CaH„O^HO 

Anchoic  acid  . 

C„H„0„2HO 

Capri  0  or  rulio  acid 

C,H„O^HO 

Sebncicaoid    .         . 

Ci,H»Op2aO 

Cholbbtsrik,  —  This  aubstance  is 

found  in  small  qnantity 

n  varioas  p&rti 

of  the  animal  aystem,  as  in  the  bil 

in  the  brain  and  nerr 

is,   and  in  the 

t  forms  the  chief  ingredient  of  biliary  ealculi,  from  which  it  if  eaailj 
Bitraoted  by  boiling  the  powdered  gall-Btonea  in  alrong  aloohol,  aod  filreriBg 
the  Halation  while  hot;  on  cooling,  the  oholesterin  crystalliies  in  btilliaul 
eolorlesa  plates.  It  has  the  oharaoters  of  a  fat.  is  iosoluble  in  water,  t*at«- 
leea  and  iiKidoronai  it  ia  freely  soluble  in  boiling  apirit,  and  also  in  ethn- 
ic altogether  resiats  snponifioation.  Chulesieriu  melta  at  278°  (186°C),  mi 
contains  probably  C,HaO. 

Cantuabidin,  the  activa  prlociplo  of  the  Spanish  Sj,  may  be  bore  meo' 
tioned.  It  is  A  colorless,  crysCaUiiable.  fatty  body,  extracted  by  ether  et 
kloohol  from  the  insect :  it  ia  insoluble  in  water  and  dilute  acids,  and  volatik 
when  strongly  heated.  The  Tapor  attacks  (he  eyes  in  a  Tery  painful  manner. 
Cantbaridin  contaiaa  C„H,0.. 


The  volatile  oU  of  bitter  almonds  possesses  a  very  high  degree  of  intereali 
from  Its  Htady  having,  in  the  hands  of  MM.  Liehig  and  Wohler,  led  to  the  finl 
discovery  of  a  compound  orgnnio  body  capable  of  entering  into  direct  comU- 
nation  with  elementary  principlps,  as  hydrogen,  chlorine,  and  oxygen,  anil 
pinying  in  aome  degree  the  part  of  a  mclal.  The  oil  ia  supposed  to  lie  tin 
hydride  of  a  salt-basyle,  contntning  C„H,0,  called  bmtayl,  ^m  its  rehitlon  to  , 
benzoic  acid,  which  radical  is  to  be  traced  throughont  the  whole  series:  il 
has  been  isolated,  and  will  be  described  among  the  prodnots  of  distillation  of 
the  tenioatea. 

Table  of  Stmoyl-Conpoundi, 

Benaqyl.  symbol  Bs C|,H,0,  1 

Hydride  of  henioyl ;  bittor-almond  oil         .     CnH,0,H  JM| 

Oiide  of  benzoyl :  auhydro as  benzoic  aoid  .      C^hfi^O  ]H 

Hydrnted  oxide  of  benzoyl;  beiizoio  acid    .     C,.II,0,0,HO  ^^| 

Chloride  of  benjnyl CnHjO^I  TH 

Bromide  of  beniojt C„H,OjBr  ^¥ 

Iodide  of  benzoyl C„HjO,I  'l 

Sulphide  of  benioyi C„HjO^ 

Benzoic  alcohol Ci.H,0,HO 
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Htdbidb  of  benzoyl  ;  bitter-almond  oil  ;  BzH. — This  substance  is  pre- 
^red  in  large  quantities,  principally  for  the  use  of  the  perfumer,  by  distilling 
^Ith  water  the  paste  of  bitter  almonds,  from  which  the  fixed  oil  has  been  ex- 
pressed. It  certainly  does  not  pre-exist  in  the  almonds  ;  the  fat  oil  obtained 
from  them  by  pressure  is  absolutely  free  from  every  trace  of  this  principle ;  it 
is  formed  by  the  action  of  water  upon  a  peculiar  crystallizable  substance, 
hereafter  to  be  described,  called  amygdalin,  aided  in  a  very  extraordinary 
manner  by  the  presence  of  the  pulpy  albuminous  matter  of  the  seed.  The 
crude  oil  has  a  yellow  color,  and  contains  a  very  considerable  quantity  of 
hydrocyanic  acid,  the  origin  of  which  is  contemporaneous  with  that  of  the  oil 
itself:  it  is  agitated  with  dilute  solution  of  protochloride  of  iron  mixed  with 
hydrate  of  lime  in  excess,  and  the  whole  subjected  to  distillation:  water  passes 
OTer,  accompanied  by  the  purified  essential  oil,  which  is  to  be  left  for  a  short 
time  in  contact  with  a  few  fragments  of  fused  chloride  of  calcium  to  free  it 
from  water. 

Pure  hydride  of  benzoyl  is  a  thin,  colorless  liquid,  of  great  refractive  power, 
and  peculiar  and  very  agreeable  odor;  its  dens^ity  is  1*043,  and  its  boiling- 
point  856*»  (180°C)  :  it  is  soluble  in  about  30  parts  of  water,  and  is  miscible 
in  all  proportions  with  alcohol  and  ether.  Exposed  to  the  air,  it  greedily 
absorbs  oxygen,  and  becomes  converted  into  a  mass  of  crystallized  benzoic 
acid.  Heated  with  solid  hydrate  of  potnssa,  it  disengages  hydrogen,  and 
yields  benzoate  of  the  base.  With  the  alkaline  bisulphites  it  forms  beautiful 
crystalline  compounds.  The  vapor  of  the  oil  is  inflammable,  and  burns  with 
a  bright  flame  and  much  smoke.  It  is  very  doubtful  whether  pure  bitter- 
almond-oil  is  poisonous  ;  the  crude  product,  sometimes  used  for  imparting  an 
agreeable  flavor  to  puddings,  custards,  &c.,  and  even  publicly  sold  for  that 
purpose,  is  in  the  highest  degree  dangerous. 

Ox]D£  OF  benzoyl;  benzoic  acid;  BzO,HO.  — This  is  the  sole  product  of 
the  oxidation,  at  a  moderate  temperature,  of  bitter-almond  oil ;  it  is  not,  how- 
eTer,  thus  obtained  for  the  purposes  of  experiment  and 
of  pharmacy.    Several  of  the  balsams  yield  benzoic  acid  Fig.  187. 

in  great  abundance,  more  especially  the  concrete  resi- 
nous variety  known  under  the  name  of  gum-benzoin. 
When  this  substance  is  exposed  to  a  gentle  heat  in  a 
subliming  vessel,  the  benzoic  acid  is  volatilized,  and 
may  be  condensed  by  a  suitable  arrangement.  The 
simplest  and  most  efficient  apparatus  for  this  and  all 
similar  operations  is  the  contrivance  of  Dr.  Mohr ;  it 
consists  of  a  shallow  iron  pan,  over  the  bottom  of  which 
the  substance  to  be  sublimed  is  thinly  spread ;  a  sheet 
of  bibulous  paper,  pierced  with  a  number  of  pin-holes, 
is  then  stretched  over  the  vessel,  and  a  cap  made  of 

thick,  strong  drawing  or  cartridge-paper,  secured  by  a  string  or  hoop  over  the 
whole.  The  pan  is  placed  upon  a  sand-bath,  and  slowly  heated  to  the  requi- 
site temperature ;  the  vapor  of  the  acid  condenses  in  the  cap,  and  the  crystals 
are  kept  by  the  thin-paper  diaphragm  from  falling  back  again  into  the  pan. 
Benzoic  acid  thus  obtained  assumes  the  form  of  light,  feathery,  colorless 
crystals,  which  exhale  a  fragrant  odor,  not  belonging  to  the  acid  itself,  but 
due  to  a  small  quantity  of  a  volatile  oil.  A  more  productive  method  of  pre- 
paring the  acid  is  to  mix  the  powdered  gum-benzoin  very  intimately  with  an 
equal  weight  of  hydrate  of  lime,  to  boil  this  mixture  with  water,  and  to  de- 
compose the  filtered  solution,  concentrated  by  evaporation  to  a  small  bulk, 
with  excess  of  hydrochloric  acid :  the  benzoic  acid  crystallizes  out  on  cooling 
in  thin  plates,  which  may  be  drained  upon  a  cloth  filter,  pressed,  and  dried  in 
the  air.     By  sublimation,  which  is  then  eflfected  with  trifling  loss,  the  acid  is 

obtained  pei*fectly  white. 
87 
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Beniole  >aid  Is  Inodciruus  wlien  colij,  but  acquires  a  faint  Bmell  when  pol^ 
minuBd;  it  roeltajusl  below  212°  |U'0°C),  iind  BablLmee  nt  n  tempeniwre • 
little  nbiite :  it  h<iiU  at  i^'i"  (238°*8C)  anJ  emits  a  Tnpor  uf  tlie  dtn^it;  «f 
1-2T.  It  diaaaWea  in  aboat  200  parts  of  coli],  und  26  parlE  of  boiliDg  vaXtr, 
•nd  with  great  facility  in  alcohol.  Benioic  acid  is  not  affected  I17  ordinar; 
nitrie  noid.  even  at  a  boiling  lieat.  The  ari^Htala  olitained  by  Eoblitnation,  n 
by  the  cooling  of  a  hot  aqueoQB  aolution,  contain  an  equivalent  of  watMt 
which  is  basic,  or  C,|H(CyHO.  Lately  M.  Gerhsrdt  has  BDOueeded  in  obtsin< 
Ing  anhydrous  beoioio  acid,  C^tl fi^.  This  substance  cryatalliies  in 
fill  oblique  prisma,  which  fnae  at  5l  -4"  (aS^C),  and  are  soluble  iu  aloobol  •■( 
Mher,  but  ioaulubte  iu  water.  Boiled  with  water  it  is  gradually  converM 
in  10  caonnion  benioic  acid.  The  mode  of  formation  of  this  aubstanse  i 
Honed  upder  Chloride  of  Benzoyl,  see  page  436. 

All  the  henioales  hnTC  a  greater  or  less  degree  of  solubility ;  they  nn 
lorraed,  either  directly  or  by  double  decomposition,  Btntoala  of  U\t . 
and  of  amnionia  are  very  aotuble,  and  somewhat  difficult  to  oryatalltze.  A 
toati  of  Hat  forms  groups  of  small  colorless  needles,  which  require  20  pn 
of  cold  water  for  solution.  The  salta  of  baryta  and  itrontia  are  soluble  wi 
difficulty  in  the  cold.  Neutral  benieatt  0/  the  taqmoiide  of  iron  ia  a  solul 
compound :  but  the  basic  salt  obtained  by  neatraUcng  as  nearly  as  posnl 
by  ammonia  a  solution  of  sesquiuiide  of  iron,  and  then  adding  benioBle 
ammonia,  is  quite  insoluble.  Sesquioxide  of  iron  is  aometimes  than  leparal 
from  other  metata  iu  practical  analysis.  Neutral  and  basic  brntoale  of  U 
are  freely  soluble  in  the  cold.  Btnxoatt  of  lilver  crystalliies  in  thin  tntnq 
rent  plates,  which  blacken  on  exposure  to  light 

NiTBOB&NEOio  ACiti.  — When  benzoic  acid  is  boiled  for  sovoral  hoars  « 
faming  nitric  oeid,  until  red  fumes  cease  to  appear,  it  yields  a  new  acid  bM 
in  which  Ihe  eli^ments  of  hyponilrio  acid  are  substituted  for  nn  eqaiialenC' 
hydrogen  of  the  original  benioic  acid.  Nitrobenioio  acid  greatly  rBsem^' 
benioic  acid  in  ohnnictar.  and  contains  CuH^NO-HO  =  C|,(H,N0,)^1 
Tbe  remarkable  tniusrurmation  of  the  aniide  of  this  acid,  of  nitrobmum 
will  be  noticed  under  tbe  head  of  aniline.  The  conUnued  action  of  nitric  1 
gives  rise  to  Che  formntion  of  a  second  acid,  called  braitTobaaoic  add,  and  1 
tainingCuiH,(N04)j!o„HO.  By  the  acOon  of  rednoing  agents,  sneli 
sulphide  of  ammonium,  nitroben2oic  and  binitTobewoic  add  are  convfli 
into  aviidobentoic  acid,  C|,H,NO,,HO  and  biamidobtmeu  add,  CuH^jQ^l 
This  mode  of  transformation  is  more  fully  considered  under  the  heaij 

SoLrHOBKN ZOIC  ACID.  —  Bcnioic  acid  is  soluble  without  change  ]n  ooni 
trated  oil  of  vitriol,  and  is  proctpitaled  by  the  addition  of  water ;  it  comtNoi 
however,  with  anhydrous  sulphuric  acid,  generating  a  compound  seid  ani 
gous  to  sulphovinic,  bat  bihaaic,  forming  a  neutral  and  nn  acid  seriei 
salts.  The  baryta-compound  is  easily  prepared  by  dissolring  in  water ' 
viscid  mass  produced  by  the  nnion  of  tbe  two  bodies,  and  Haturating  tbe  N 
liun  with  cnrbouate  of  baryta.  On  adding  hydTOchlorio  acid  to  the  Sltei 
liquid,  and  allowing  tbe  whole  to  cool,  acid  sulphobcnioate  of  baryta  (nTsl 
liles  out.  This  salt  has  an  acid  reaction,  and  requires  20  parts  of  ccldirv 
fur  solution;  the  neutral  salt  is  much  more  soluble.  The  hydrnlad  auJ 
easily  obtained  by  decomposing  tbe  snlphobciiionte  of  baryta  by  dilute* 
phuric  acid ;  it  forms  n  while,  crystnlline,  deliqnescent  mass,  Tery  slahle  I 
permanent,  which  contains  C|,H4()y2SO,.2aO. 

Bknkohi,  BSNIOPhinonb.— When  dry  bemoate  of  lime  is  distilled  at  «  hi 
temperature,  it  yields  n  thiek,  oily,  colorless  liquid,  of  peculiar  odor.  ThtS. 
a  miitnre  of  several  compound?,  Irom  which,  liuwcver,  a  crystalline  aubllKl- 
C,jH,0,  or  C^H,„Op  may  be  isolated,  to  which  llie  name  batona  or  I 
I  been  given.     Carbonate  of  lime  remains  in  the  retort;  the 
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s  produced  bj  the  Alt- 

CaO,C„H,Oa  =  0^11(0  +  CaO.COy 

The  benzopbenone  is,  however,  alwujs  nccocDpanied  by  ttecoudar;  [rodnoM, 
doe  to  Ihe  irregular  a.nd  eioessiTe  tomperaturo,  golid  hjdrooarbons,  carbonio 
oaide,  and  btmoi,  a,  bod;  neit  to  be  described. 

BsHEOL,  or  Beneink.^ — If  crjstnllized  beazoio  aoid  bf  mixed  nith  three 
)imea  its  waiebt  of  hydrate  of  lime,  and  the  whole  distilled  at  n  temperature 
■lowly  raised  to  redness  in  a  coated  glass  or  earthen  retort,  water,  and  a  vuls- 
tila  oily  liquid  termed  benzol,  pass  over,  nhile  oarbotiate  of  lime,  miied  with 
eioesB  of  bjdmle  of  lime,  remains  in  tbe  retort.  The  beuiol  sepiLraled  from 
flie  wsler,  and  rectified,  rorma  a  thin,  limpid,  colorless  liquid,  of  strung  agree- 
kbte  odor,  insoluble  in  water,  but  misoible  with  alcohol,  hSTing  a  deuBitj  of 
0-8S6,  and  boilin);  at  ITB"  (SO<>C) ;  the  sp.  gr.  of  its  vapor  is  2-738.  Cooled 
to  320  {0°C),  it  solidifies  lo  a  white,  crystalline  ma?s.  Benzol  contains  Carbon 
and  hydrogen  only,  in  the  proportion  of  2  cq.  of  the  former  to  1  of  the  latter, 
or  probably  C„Ug,  It  in  produced  by  the  resolution  of  benxolc  acid  into 
bemol  ood  carbonic  acid,  the  water  taking  part  in  the  reaction. 

C„H,04  =  CuH,  +  2C0r 

Benzol  is  identical  with  the  bicarbide  of  hydrogen,  many  years  ago  dls- 
Ooiered  by  Mr.  Faraday  in  the  cnrious  liqnid  condensed  during  tbe  comprea- 
aioD  of  oil-gas,  of  whicb  it  forms  the  great  bulb,  being  associated  with  an 
eiaesaiiely  Tolatile  hydrocarbon,  containing  carbon  and  hydrogen  in  the  ratio 
of  the  equivalents,  the  vapor  of  which  required  for  condensation  a  tempera- 
ture of  0''( — IT'-TC).  This  is  the  au balance  which  baa  bean  described  under 
the  name  of  bulyitne,  when  treating  of  butyllc  alcohol  (see  page  415},  and 
Talerio  acid  (see  page  419). 

A  copious  source  of  beniol  bos  been  shown  by  Mr.  Mansfield  to  exist  in  the 
Ughleat  and  moat  volatile  portions  of  coal-tar  oil,  which  will  be  noticed  in  its 
place  under  the  head  of  that  substance. 

finLFUoneiisiDB  kvd  sulfbobunzolio  acid. — Benzol  combines  directly  with 
aahydroas  dulphnric  acid  to  a  thick  viscid  liquid,  soluble  in  a  small  quantity 
of  water,  but  decomposed  by  a  larger  portion,  with  separation  of  a  crystalline 
matter,  the  tutphohemide,  (sutphobeniol)  which  may  be  washed  with  water,  in 
which  it  is  nearly  inaolable,  dissolved  in  ether,  aod  left  to  crystallize  hy  epon- 
taneons  evaporation.  It  is  a  colorless,  transparent  substance,  fusible  at  2\'i' 
(IOO°C),  beariug  distillation  witliout  change,  and  resistingthe  action  of  acids  and 
other  energetic  chemical  agents.  Sulphobeniide  contains  Cj^IgSOj.  It  may 
be  viewed  «x  benzol  in  which  1  eq.  of  hydrogen  has  beeo  replaced  by  1  eq. 
of  snlphnrons  acid.  The  acid  liquid  from  which  the  preceding  eub.itance  bus 
been  separated,  neutraliied  by  carbonate  of  baryta  and  filtered,  yields  lulpJio- 
btntolalt  of  baryta,  which  is  a  soluble  salt,  but  crystallizes  in  an  imperfect 
manner.  By  double  decomposition  with  sulphate  of  copper,  a  compound  of 
the  oiide  of  that  metal  is  obtained,  which  forms  fine,  large,  regular  orystnls. 
The  hydrate  of  sulphobenzoUc  acid  ia  prepared  by  decomposing  the  copper- 
salt  with  sulphuretted  hydrogen ;  a  sour  liquid  is  obtained,  which  furnishes, 
by  evaporation,  a  crystalline  residue,  eontaioing  Cj,H,SO|.  -f-  HU,SO,. 
The  salts  of  polaiia,  mda,  ammonia,  and  of  the  oxides  of  zinc,  iron,  and  lilner, 
crystallize  freely.  This  compound  acid  can  be  prepared  by  dissolving  beuiol 
in  Nordbanaen  snlphurio  acid.  The  long-contirued  action  of  Nordhausen  acid 
converts  benzol  into  a  second  acid,  contjiiuiug  C„H,1S0„  called  disul^kohaao- 
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-Ordinnr;  nitrio  noid,  even  &t  a  boilitiE  tempeFnltii'F,  IluM 
Mtlon  on  heniul;  the  red  iHiming  acid  RtlnckB  it  villi  Ilie  nid  of  tivitl,  «' ' 
great  Tiolenoe.  The  prodact,  on  dilution,  throwB  down  ft  hemj,  uily,  yeil 
isli,  and  intonsclf-Bireet  Uqnid,  wbich  hna  an  odor  rosenibting  that  of  liilM 
almond  oil.  Its  density  if  1-200;  it  boilH  at  416*  (2]2'=-8C),  aod  dinlils,  fast 
Dot  without  being  slightly  obnnged.  It  ib  but  little  sffeoled  by  acids,  nlliiilies 
OT  chlorine,  and  is  quite  insoluble  in  irnter.  Nitrobeninl  contains  C^B^C^ 
■od  tnny  be  liewed  as  benzol,  in  vhiah  1  cq.  of  bydrogsn  is  replaced  by  1  e 
of  hyponilrio  acid.  When  nilrobetitol  is  benCed  nith  nn  alcobolio  solutien  < 
^Bottic  potsBso,  and  the  product  snbjeoted  to  dietillfttion,  a  red  oilj  liqa 

CisBCB  over:  tbia  is  a  miittire  of  Be«era1  substances  from  vbicfa,  on  eooUil 
rgo  red  cryslnls  separate,  whioh  are  nearly  insoluble  in  water,  but  ditt(* 
with  raoilily  in  ether  and  alcohol.  This  compound,  which  is  called  ai 
mellB  at  14e°  (48°-3C),  and  boils  at  379°  (ig2<''2C)  ;  it  oontains  CaH^.  Tu 
gether  with  the  axobeniol  an  oil  ie  prodaced.  which  oontains  C,.H,N,  and  ^~' 
Uke  ammonia,  tbe  power  of  combining  with  acids.  It  has  received  the  ni 
of  aniVi'nr,  and  will  be  described  In  the  cection  on  Organic  Bases.  Tbe  n 
tion  whieh  gives  rise  to  azobetiiol  and  aniline,  in  this  case,  is  not  yet  perfeclla 
nnderatood.  several  other  subslnnceB  being  Bimultaneonsly  prodneHl,  and: 
large  quantity  of  nitrobenzol  being  charred.  Nitrobeniol  may,  howeTer,  li 
entirely  gonvortcd  into  aniline,  by  a  most  elegant  process,  discotered  fl 
ZInin,  namely,  by  tbe  action  of  Bulphide  of  ammonium,  which  will  be  n<  '  ' 
when  treating  of  aniline. 

BiHitBOBENcOL.  —  If  bcniiil  is  dissolved  in  a  mixture  of  equal  volnmea  ( 
ooneentrated  nitric  and  sulphuric  acids,  and  the  llqnid  be  boiled  for  a 
minutes,  it  solidifies  on  cooling  to  a  mass  of  crystals,  which  are  easily  fnsi 
insoluble  in  water,  and  readily  soluble  in  alcohol.     They  contain  C,jH,[ 
=  C„J  H^(NO^)j  j,  and  may  be  viewed  as  beQiol,  in  which  2  eq.  of  hjdrogl 
)ae  replaced  by  2  eq,  of  byponitiic  acid. 

Beiiiol  and  chlorine  combine  when  eiposed  to  the  raya  of  the  sun :  the  pT4 
duct  is  a  solid,  crystalline,  fusible  substance,  Ineoluble  in  water,  con' 
C„H,a„  called  chlurobmzol     When  this  subslnnce  is  distilled,  it  is 
posted  into  hydrochloric  acid,  and  a  volatile  liquid,  ehlorobaiiide,  composed  ( 
C„HgCV 

in  its  chemical  relations,  beniol  exhibits  the  character  of  a  anbatanee  al 
logouB  to  hydride  of  methyl  (marsh-gas),  hydride  of  ethyl,  and  hydride  i 

Beniol C„n,n  =  Rydrideof  ?hen^ 

Snlphobenxol  (sulphoheniide)    .     C,|H,SO, 
Nilrobeniol        ....     0„H,N(l, 

The  alcohol  belonging  to  this  hydride  is  hnonn :  it  containE  C^H^i 
0|,ti(0,UO,  and  will  be  described  among  tbe  volatile  p.inciples  of  coal-tar. 

(.'iiLoBiiit  OF  BRNZon^  BxCI,  —  This  compound  is  prepared  by  paenng  A 
oblorine  gas  through  pure  bitter-almond  oil,  as  lonp  as  hydrocbloric  acid  col 
linues  to  be  formed  ;  the  excess  of  chlorine  is  then  expelled  by  heat.  Cht 
ride  of  benioyl  is  a  colorless  llqnid  of  peculiar,  disagreeable,  and  pnnge^ 
odor,  lis  density  is  1-100.  The  vapor  is  inflammable,  and  burns  irith  ■  til 
of  green.  It  is  deoompoeed  slowly  by  cold,  and  quickly  hy  boiling  water,  ia\ 
benzoic  nnd  hydroehlorie  ncids;  with  an  alkaline  hydrate,  benzoate  of  A 
base,  and  chloride  of  the  metal,  are  generated. 

riiloride  of  beiiioyi  has  become  very  interesting  on  account  of  some  ip 
porlant  researches  of  Gerhard!,  who  sneceetlcd  by  the  aid  of  this  snb,slB!H 
in  obtaining  anhydrous  benzoic  acid.  This  compoiind  is  produced  by  lb 
Mtiou  of  cUoride  of  benzoyl  upon  benzoate  of  soda 


AND    ITS    PRODUCTS, 

NaO.CuTI,0,        +        CnHsO,CI        =        NiC] 

Beiiioate  of  Chloride  of  Chloride 

aoda.  beozoyL  of 

sodium.  nctil. 

Tbia  renction  ia  of  conaideroible  interest,  ^ace  it  ia  of  geiier]Ll  application 
for  the  eppSiriitioa  of  aahj^drous  acids;  and  has  furniiihiid  nlreaity  a  very 
large  number  of  new  bodies.  If  oblorido  of  beuio;!  ia  made  to  set  upon  tbo 
Bod»-flalt  of  nnotber  organio  acid,  peculiar  anbjdrous  doublo  acids  are  pro- 
duDBd.  Tbas  cbloride  of  benzo}'!  and  valcrato  of  potaaaa  farnisli  on  distilla- 
tioa  an  oil;  liqaid  of  a  pungent  odor,  wbicb  excites  teara. 

TJaO.C„H,0,    +      C„n,0/]1      —     NaCl      +      CaHB{)j,C„HsO, 


Valerate  of  Cbloride  ofi»  Cbloride  Anhydrous 

BO  da.  bcDioyl.  of  Talero-benzoio 

sodium.  acid. 

Whoa  Bubmifted  to  diatillation,  valero-benioic  acid  aplita  into  anhydroM 
benioic  and  valeric  acids,  Tbo  latter  is  a  colorleas  liquid  which  boils  at 
419°  (216''C).  Gerbardt  ia  of  opinion  that  the  ao-callcd  nnliydroua  uoidE, 
obtained  by  his  process,  are  far  from  being  the  anhydrous  acida  which 
Bhemists  ore  in  tbe  habit  of  assuming  in  the  salts,  lie  oonsider.i  Ihem  as  » 
Bort  of  saline  bodies,  as  the  common  hydrate,  in  which  (he  hydrogen  is  re- 
placed by  an  organio  rodioal. 

Hydrated  benzoic  acid       ....  (C„H,0,)O.HO 

Beoionte  of  aoda (C„H,0,|0,NaO 

Benioate  of  benioyJ (C;,[l,(}j)0,(C|,H,0,)0 

{Anbydroaa  bonioio  acid) 

Vaiero-beniOTO  acid (C„H,0,)0,(C,„H,0,)0 

Hydratod  valario  acid        ....  {C,oFI,Oj)0,H(> 

Tolerate  of  aoda (C.„H,0„10,NaO 

Talerato  of  yaleryl (C|oH,0,io,(Cu,H,0,)0 

[Anhydroua  valeric  acid) 

Benzamidb.  — When  pure  chloride  of  benzoyl  and  dry  ammonlacal  gas  are 
presented  to  each  other,  the  ammonia  is  enorfiiGtieally  nbsorbud.  and  a  wbite, 
lolid  subBtance  produced,  which  ia  a  mixture  of  aal-ammoniac  aod  a  highly- 
lutereBliiig  body,  btmamidi.  The  sal-ammoniac  ia  removed  by  washing  with 
cold  vater,  and  tbe  benzamide  disaolled  in  boiling  water,  and  left  to  crystal- 
liiB.  It  forms  colorless,  transparent,  prismatic,  or  platy  crystals,  fusible  at 
239°  (11S°C}.  and  volatile  at  a  higher  temperature.  It  ia  but  alightly  soluble 
In  cold,  freely  in  boiling  water,  also  in  alcohol  and  ether.  Benzamide  cor- 
responds to  oxamide,  both  in  composition  and  properties;  it  containa 
C^HyNO,  =^C,^H(Oj.N[{),  or  benioate  of  oxide  of  ammoniuiD,  mmui  2  eq.  of 
water,  and  it  suffers  decompcaition  by  both  acida  and  alkaline  eolutions, 
yielding,  in  tbe  Srat  case,  a  salt  of  ammonia  and  benioio  acid,  and,  in  tbe 
second,  free  ammonia  and  a  benzoate.  Wheu  distilled  it  loaea  again  2  eq.  of 
water,  and  becomes  benionitrile.     (See  page  430.] 

Iodide  of  benzoyl,  BiI.  —  This  is  prepared  by  distilling  the  chloride  of 
Deazoyl  with  iodide  of  potassium ;  it  fonuB  a  colorless,  crystalline,  fusible 
maas,  decomposed  by  water  and  alkalies,  in  the  same  manner  as  the  chloride. 
The  bromidt  of  bonzuyl,  BzBr,  has  very  similar  properties.  The  lulphide  BzS, 
is  a  yellow  oil,  of  offeuaiye  smell,  which  aolidifiea  at  a  low  temperature, 
■oft,  crystalliDfl  mosB.  Cyanide  of  benzoyl,  BiCy,  obtained  by  heating 
37  • 
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tAloride  with  cj;inide  of  merBiiry.  rorma 
lit  pungent  odor,   eaaiewlinl;  rGsenibling  tbi 
jloilDils  yield  boniainiile  wUb  dr;  ammunia. 

Bkniiiio  ALaouuL. — BeocDtly  M.  CBnniiiiirD  lias  nmdo  tiie  intsrcBtiiig  dia- 
Otiyery  tbnt  the  Ration  ef  an  alcohoUc  eolulioa  ef  potn^aa  on  ail  of  bttur- 
slnionds  gives  rise  to  the  formation  of  an  oily  body,  heavier  than  water,  and 
buiiing  at  400"  (201"C),  nhich  oontains  0,(0,0^  and  eihibitg  in  BTerj  respBH 
tbo  deportment  of  an  alcohol.  When  trealud  with  oxidizing  agonts  it  (in- 
nisliee  benioio  aoid.  The  action  of  hydroohlorio  aoid  gives  rise  to  the  for- 
niHTion  of  a  chloride  of  the  FnrmnlB  Cj^HfCI,  vhicb  boils  at  about  1136° 
(180°C|.  Distillation  with  acelic  and  sulphuric  acid  oonvprts  bBDioic  ileDbol 
intii  K  compound  ether  of  the  rormula  C„H„04  =  C„H,0,C4H,0,  which  liu 
uu  nromalio  pear  odor,  and  boils  at  410°  ^:11U'>C).  Tha  relation  of  thie  an 
eroup  of  Bnbstnncaa  lo  ethyl-alcohol  and  il  '  '  ' 
'from  the  following  formulEe  :  — 


■a  wilt  become  otmM 


Ktbrlierla. 


Btbylia  tileohol 
Ace  tie  acid 
Chloride  of  ethyl 
Bern,  of  ethyl. 


C,HjO.HO  I  Benioio  aloohol 

CJI,0„HO  BenioiCBCid    . 

CjHjCI  Chloride. 

C,HiO,CuH|;Os  1  Acetate  . 


» 


.     CJLCl 
■     C,VH,0,C,Hj 

PoBHOBBNxoia  ACID. — Cmdc  b1  tier-almond  oil  is  disEolved  in  water,  mix 
■  with  hydrochlorio  aoid,  and  evaporated  to  drynese :  the  residue  is  boiled  li 
Athar,  which  di^Bolres  ent  the  new  enbatance,  and  leaves  aal-unmi)^ 
Formobenioic  acid  forma  Email,  indistinct,  white  crystals,  which  foM,! 
tlftarwards  suffer  decomposition  by  heat,  evolying  an  odor  resembting  ttiat 
the  Sowers  of  the  hawlborn,  and  leaving  a  bulky  residue  of  charcoaL  Q 
freely  solnble  in  water,  alcohol,  and  ether,  baa  a  strongly  noid  taste  K  ' 
action,  and  forms  a  series  of  crystallixable  salts  with  metallio  oxides. 
Bubsfanoe  contains  C«H,O^HO  =  C,(H^,-1-CjH(VH0,  or 
bittur-nlmond  oil  and  formic  aoid ;  it  owes  its  origin  To  the  peonliar  aal 
of  Btrong  mineral  acids  on  the  hydrocyanic  acid  of  the  crude  oil,  by  vl 
that  body  sutfera  reaolution  into  formio  acid  and  ammoida.  It  is  decompi 
by  oiidiiing  bodies,  as  binoxide  of  manganese,  nitrio  acid,  Btid  cblorine,  i 
bitter-almond  oil  and  carbonic  acid. 

Htdbobknzahiuk.  —  Pure  bitter- almond  oil  is  digested  for  soma  honrs 
about  120°  |4e°C}  with  a  large  qnontity  of  strong  solution  of  ammonia:  i 
reaalting  white  erystalllne  product  is  naahod  with  cold  ether,  and  dissoll 
in  alcohol  t  the  solution,  left  to  evaporate  spontaneously,  deposits  the  ifi 
bimamidi  in  regillar,  colorless  cryslala,  which  have  neither  taste  nor  ant 
This  subslnnce  melts  at  a  little  above  212°  (100°C),  is  readily  decomposed 
heat,  dissolves  with  ease  in  alcohol,  bat  is  insolnble  in  water:  the  alcobc 
solution  ia  resolved  by  boiling  into  ammonia  and  bitter-almond  oil;  a  simi 
change  happens  with  hydrochloric  add.  Hydrobeniamide  contiuns  C^^ 
or  Ihe  olementa  of  3  equivalenta  of  bitter-almond  oil,  and  2  of  tunuoa 
minus  6  eqaivalenta  of  water.  When  impure  bitler-slroond  oil  is  employed 
this  experiment,  the  prodncts  are  different,  several  other  compoDnda  bal 
obWiued,  But  oven  with  the  pure  oil  frequently  a  great  variety  of  subsMoi 
are  formed.  Hydrobeniamide  when  submitted  to  the  notion  of  ahemiosl  pn 
cesses  furninhea  a  great  number  of  derivatives,  of  which,  however,  onlyfl 
Bul)Stance,  namely,  amarint,  will  he  described  in  the  section  on  the  Orgtiit 

Benzo[n.  —  This  eubstanco  is  found  in  the  residue  contained  in  the 

from  which  bitter-almond  oil  has  been  distilled  with  lime  and  oiido  of  i 

free  it  from  hydrocyanic  aoid:  it  is  a  product  of  the  acliun  of  alkolii 

J  •Utaline  enrtha  on  the  crude  oil,  and  ia  said  lo  be  only  generated  in  llie  pn* 
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tenee  of  hydrocyanic  acid.  It  is  easily  extracted  from  the  pasty  mass,  by 
dissoMng  oat  the  lime  and  oxide  of  iron  by  hydrochloric  acid,  and  boiling 
the  residue  in  alcohol.  Benzoin  forms  colorless,  transparent,  brilliant,  pris- 
matic crystals,  tasteless  and  inodorous;  it  melts  at  248^  (120°C),  and  distils 
without  decomposition.  Water,  even  at  a  boiling  heat,  dissolves  but  a  small 
quantity  of  this  body ;  boiling  alcohol  takes  it  up  in  a  larger  proportion ;  it 
dissolyes  in  cold  oil  of  vitriol,  with  violet  color.  Benzoin  contains  C,4Hg02,  or 
^88^12^4*  ^^^  ^^*  consequently,  an  isomeric  modification  of  bitter-almond  oil. 

Bbmzile. — This  curious  compound  is  a  product  of  the  action  of  chlorine  on 
benzoin:  the  gas  is  conducted  into  the  fused  benzoin  as  long  as  hydrochloric 
acid  continues  to  be  evolved.  It  is  likewise  formed  by  treating  benzoin  with 
fuming  nitric  acid.  The  crude  product  is  purified  by  solution  in  alcohoL  It 
forms  large,  transparent,  sulphur-yellow  crystals,  fusible  at  200°  (98° -SC), 
unaltered  by  distillation,  and  quite  insoluble  in  water.  It  dissolves  freely  in 
alcohol,  ether,  and  concentrated  sulphuric  acid,  from  which  it  is  precipitated 
by  water.  Benzile  is  composed  of  65411502,  or  CjjHjqO^,  and  is  therefore  iao- 
merie  with  t?ie  radical  of  the  bemoyl-seriea. 

Bekzilio  acid. — Benzoin  and  benzile  dissolve  with  violet  tint  in  an  alcoholic 
solution  of  caustic  potassa.  By  long  boiling  the  liquid  becomes  colorless, 
and  is  then  found  to  contain  a  salt  of  a  peculiar  acid,  called  the  bemiliCt  which 
is  easily  obtained  by  adding  hydrochloric  acid  to  the  filtered  liquid,  and 
leaving  the  whole  to  cool.  Benzilic  acid  forms  small,  colorless,  transparent 
crystals,  slightly  soluble  in  cold,  more  readily  in  boiling  water ;  it  melts  at 
248®  (120<'C),  and  cannot  be  distilled  without  decomposition.  It  dissolves  in 
cold  concentrated  sulphuric  acid  with  a  fine  carmine-red  color.  Benzilic  acid 
contains  C2bHj,05,  HO,  or  2  eq.  benzile  and  2  eq.  water. 

Benzomitrile. — When  benzoate  of  ammonia  is  exposed  to  destructive  dis* 
dilation,  among  other  products  a  yellowish  volatile  oil  makes  its  appearance, 
having  exactly  the  odor  of  bitter-almond  oil.  It  is  heavier  than  water, 
slightly  soluble  in  that  liquid,  boils  at  376°  (19lo*lC),  and  contains  C14H5N. 
It  is  benzoate  of  ammonia — 4  eq.  of  water,  (NH40,C,4H503 — 4HO^C,4HgN,) 
and  stands  to  this  salt  in  the  same  relation  as  cyanogen  to  oxalate,  hydro- 
cyanic acid  to  formate,  and  cyanide  of  methyl  to  acetate  of  ammonia.  Ben- 
zonitrile  likewise  may  be  viewed  as  a  cyanide  when  it  becomes  a  member  of 
the  phenyl-series,  C,4H5N  =  0^115,  CjN. 

Benzoyl.  —  Benzoate  of  copper,  by  dry  distillation  cautiously  conducted, 
^ves  a  residue  containing  salicylic  and  benzoic  acid,  and  an  oily  distillate 
which  crystallizes  on  cooling.  This  substance  possesses  the  odor  of  the  ge- 
ranium, melts  at  168®  ^70°C),  and  contains  0,411502.  It  was  discovered  by 
Ettling,  and  subsequently  studied  by  Stenhouse,  and  is  evidently  the  radical 
of  the  benzoyl-series.  By  heating  with  hydrate  of  potassa  it  is  instantly 
converted  into  benzoic  acid  with  disengagement  of  hydrogen. 

Benzihide. — This  is  a  white,  inodorous,  shining,  crystalline  substance,  occa- 
sionally found  in  crude  bitter-almond  oil.  It  is  insoluble  in  water,  and  but 
slightly  dissolved  by  boiling  alcohol  and  ether.  Oil  of  vitriol  dissolves  it  with 
dark  indigo-blue  color,  becoming  green  by  the  addition  of  a  little  water.  This 
reaction  is  characteristic.  Bcnzimide  contains  02gH„N04.  It  may  be  viewed 
as  derived  from  an  acid  benzoate  of  ammonia  by  the  separation  of  4  eq.  of 
water. 

A  great  number  of  other  compounds  derived  from  bitter-almond  oil,  directly 
or  indirectly,  have  been  described  by  Laurent  and  others.  Many  of  these 
contain  sulphur;  sulphuretted  hydrogen  and  sulphide  of  ammonium  being 
employed  in  their  preparation. 

Hippuaic  ACID.  —  This  interesting  substance  is  in  some  measure  related  to 
the  benzoyl-compounds.  It  occurs,  often  in  large  quantity,  in  combination 
with  potassa  or  soda,  in  the  urine  of  horses,  cows,  and  other  graminivorous 
Miims&s.     It  is  prepared  by  evaporating  in  a  water-bath  perfectly  fresh  oowaf 
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nt  n  tenth  of  its  volame,  flllerfng  from  [be  deposit,  nnd  then  n  _ 
lug  the  liquid  with  eicesa  or  bydrochloric  ncid.  Cofs'  urine  freqnentlj  depth 
■lis  hippurio  aoid  wllhout  concentrrttion.  when  miKed  with  a  considEraUt 
qimatitj  of  h^Jrochloric  acid,  in  vhicb  the  add  is  lees  soluble  than  io  wBtif, 
The  browu  cryslBlline  mass  which  separntes  on  cooling  is  dissoliod  in  boili^ 
water,  and  treated  with  a.  stream  of  chlorine  gne  ualdl  the  liquid  aeinn. 
light  amber  color,  and  begins  to  exhale  the  odor  of  that  subatanco :  it  is 
filtered,  and  left  to  cool.  The  Btill  impure  acid  is  redissnlved  in  water, 
traliied  with  carbonate  of  eoda,  and  boiled  for  a  short  time  with  anion 
eharcoal;   the  hot  Gllered  solution  is,  lastly,  decomposed   by  hydroohlwi) 

Ilippnrie  acid  in  a  pnre  state  crjetalliics  in  long,  slender,  milk-white,  u 
exceedingly  delicate  square  prisniB,  which  bnve  a  sligblly-bilter  taste,  fui 
the  application  of  heal,  and  require  for  eolnlion  about  400  pnrl«  of  culd  wi 
It  also  disaolrea  in  hot  alcohol.     It  has  an  acid  reaction,  and  forms  salts  iri 
basoa,  man;  of  which  are  crystal lii able.     Exposed  to  a  higb  temperalm 
hippurio  acid  undergoes  decomposition,  yielding  benioic  noid.  benionle  of  •■ 
monin,  and  benEO-nitrils  with  a  coal;  residue.    With  hot  oil  of  vitriol,  it    * 
off  beniolc  acid:  boiling  hydrochloric  acid  converts  it  into  benioic  OtH 
glyoocine  (gelatin-sugar),  which  is  described  in  the  Animal  Cliemistrr. 
purie  acid  contains  CuH,NO,,HO. 

The  oonslitution  of  liippuric  acid  hna  been  frequently  discussed  by  ohemisi 
Tery  diSerent  views  have  been  proposed.  The  most  probable  one  is.  that 
is  the  amidogen -compound  of  a  peculiar  acid  —  gljcohenioio  acid.  If  bippi 
rio  acid  be  treated  with  nitrous  acid,  it  undergoes  the  decamposilion  pMufi 
to  amidogen  eomponnds,  which  has  been  explained  when  treating  of  oxau* 
(page  361.  A  new  non -nitrogenous  aoid  is  formed  tegelhcr  with  water  i 
pure  nitrogen,  C|jlI,NO„HO  + N0,  =  C„H,0,,HO+ B0-|- 2N.  Oiycot 
loic  acid  is  a  or;rstal!ine  subutnnoe,  slighllj  soluble  in  water,  bnt  readily  i 
Bolved  by  alcohol  and  ether.  Jt  may  be  viewed  as  a  conjugale  acid,  oonli 
ing  benioic  and  glycolic  acids— 2  eq.  of  water,  C„H^,,HO=  C„H,0.,CjB 
— 2H0.   Under  the  inflnence  of  boiling  water  it  splits  indeed  into  ben:iaie  i 

flyoolia  noids.  Olyooolne  innst  be  considered  as  glyoohimide,  MH.O.C^fl.O 
HO  =  C,H,NO,,  ami  tliis  explains  the  oonvarslon  of  hippurio  acid  into* 
loio  acid  and  glycocine. 

Becently  M.  Desssignes  has  succeeded  in  regenerating  hippurio  aoid  hj 
kction  of  chloride  of  benzoyl  upon  the  linc-compound  of  glycocine. 

C4H,NO,.ZnO    +    CnR,0,CI    s    CaH^O,    +    ZnQ    +    HO 


f,  in  the  preparation  of  hippurio  add,  the  urine  he  in  the  slightesl  degH 
putrid,  the  hippurio  acid  is  all  destroyed  during  the  evaporation,  ammonia 
disengaged  in  large  quantity,  and  the  liquid  is  then  found  to  yield  Bolhiog  bl 
benioio  acid,  not  a  trace  of  which  can  be  discovered  in  the  nnaltered  sMti 
tion.  Complete  putrefaction  effects  the  same  change:  benxoic  acid  inigl 
thus  be  procured  to  almost  any  extent. 

When  benzoic  acid  is  taken  intemally,  it  is  rejected  from  the  system  in  Iw 
Mate  of  bippnric  acid,  which  is  then  found  in  the  nrine. 
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APPENDIX  TO   THE    BENZOYL   SISBIES. 
8TILBYL-AL00H0L. 

I  of  bitter-almonds  be  treated  with  pentachloride  of  phosphorus, 
aid  is  produced,  boiling  at  402°  (206^0),  which  contains  C,4HeCly 

Cu^eOa  +  PCI5  =  PCljOa  +  C^UJCl, 

compound  represents  in  the  benzoyl-series  the  Dutch-liquid  of  th« 
iries ;  and  recent  experiments  of  Wicke  have  proved  that  this  chloride, 
istilled  with  acetate  of  silver,  furnishes  a  crystalline  body  containing 

substance  is  the  acetate  of  a  biatomic  alcohol,  0,411502,2 HO,  which 
designated  stilbylic  alcohol,  but  which  has  not  yet  been  isolated. 


HOMOLOGUES  OV  THE  BENZOYL  8BBIES. 

'flic  Add,  0,QHfO«,HO. — This  substance,  which  differs  from  benioio 
'  CjHj,  has  been  discovered  by  Dr.  Noad,  who  obtained  it  by  the  action 
r  dilute  nitric  acid  upon  cymol,  a  oarbo-hydrogen  occurring  in  cumin- 
;  is  a  substance  exhibiting  the  closest  analogy  with  benzoic  acid,  both 
hysical  characters  and  in  its  chemical  relations.  Like  benzoic  acid, 
reated  with  fuming  nitric  acid,  it  yields  a  nitro-acid,  nitrotoluylic  acid, 
0.y,HO  =  C,e(H8N04)03,HO :  distilled  with  lime  or  baryta,  it  furnishes 
^carbon  0]4Hg,  homologous  to  benzol.  The  latter  substance,  which  has 
d  the  name  of  toluol,  is  also  obtained  from  other  sources,  especially 
>ai-tar  and  Tolu  balsam. 

icid  of  the  formula  0,gHg03,H0,  is  not  yet  known,  but  we  may  confi* 
expect  that  the  progress  of  science  will  not  fail  to  elicit  this  substance : 
)w  we  are  acquainted  with  a  hydrocarbon  0,eH]o,  homologous  to  benzol 
luol.  This  substance,  which  is  called  xylol,  is  found  in  wood-tar  and 
s  naphtha,  and  stands  to  the  unknown  acid  OjgHgOg^HO,  in  the  same 
Q  as  benzol  to  benzoic  acid.  Should  the  above  acid  be  discovered,  we 
Ith  certainty  predict  that,  when  distilled  with  excess  of  lime,  it  will 
ylol. 

ie  add,  02oH„Og,HO.  — Another  acid,  homologous  to  benzoic  acid,  was 

tred  some  time  ago  by  Oahours  and  Gerhardt.     It  is  formed  by  the  ozi* 

of  one  of  the  constituents  of  cumin-oil,  cuminol  OgoHj^Og,  which  oorre* 

to  oil  of  bitter  almonds.     Oumic  acid  is  very  similar  in  its  properties 

:oic  acid.     Boiled  with  a  mixture  of  sulphuric  acid  and  bichromate  of 

V,  it  is  converted  into  a  new  acid,  insolinie  acid,  containing  0|gHgOg. 

acid  likewise  yields  a  nitro-acid,  nitro-cumic  acid,  OgoH,QN07,HO  = 

iN04)0g,H0,  and  when  distilled  with  lime  is  converted  into  cumol, 

a  hydrocarbon,  homologous  to  benzol,  toluol,  and  xylol. 

he  next  series  only  the  hydrocarbon  is  known.     This  is  cymol,  CJSj^ 

bstance  which,  as  has  been  mentioned  above,  is  the  source  of  toluylio 

homology  of  these  substances  is  clearly  exhibited  by  the  foUowing- 


f 

^^^K  This  l&ble  shows  that  up  to  the  preBsnt  no 
^^V  eHrbona  ia  without  a.  gap,  while  two  aoids  and 
^^H       eovered. 
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SuJCiH.  —  The  leaTea  aod  jonng  bark  of  tha  poplar,  vrillow,  ani  » 

other  trees,  contftia  a  peculiar  orjelalliiabla,  bitter  principle,  called  «     

which  in  some  respects  resemUea  the  yegeto-alknlies  oinclioDine  and  quiun^ 
being  said  to  have  fabrifuge  piopertieB.  It  differs  osBenlially,  however,  trmn 
theae  bodies  in  being  destitute  of  nitrogen,  nnd  in  not  forming  salts  with 
acids.  Ealicin  maj  be  prepared  by  exhauating  the  bark  with  bulling  water, 
ooacenlrating  the  solution  to  a  small  bulk,  digesting  the  liquid  vilh  powderel 
protoxide  of  lead,  and  then,  after  freeing  the  solution  from  lead  by  a  Gtreini 
of  Bolphurettod  hydrogen  gas,  evaporating  until  the  salicin  crystallizes  oat  on 
eooling.     It  is  puiified  by  treatment  with  animal  charcoal  and  re-cryKtillizi- 

Salicin  forma  small,  white,  aiiky  noedlea,  of  an  intensely  bitter  taste,  which 
have  no  alkaline  reaction.  It  melts  and  decomposes  by  heat,  burning  with  ( 
bright  flame,  and  leaving  a  residue  of  charoonl.  It  is  soluble  in  6-6  parts  of 
cold  water,  and  m  a  much  smaller  quantity  when  boiling  hot.  Oil  of  ritriol 
colors  it  deep  red.  The  last  eiperimenia  of  M.  Piria  give  for  aatioin  the  for- 
mnla  C.II„Ou. 

When  salicin  ia  distilled  with  a  mixture  of  blohromate  of  potaasa  and  snl- 
phiirio  acid,  ityields,  among  other  products,  a  yellow,  sweet-scented  oil,  wkiih 
u  found  lo  bt  idailical  wilh  the  volalilt  oU  diilUled from  Ihcfineeri  of  Ikt  Sfirtt 
iilmaria,  or  common  meadow-ivrecC. 

Table  of  Satiq/l-Cempoundt. 

Salioyloos  aoid C,<H,0,.HO 

Saliojiite  of  potaasB. C„H,OjpKO 

Chlorosalioylous  acid Cn(H,CI)(VRO 

lodoaalioylons  acid C„(HjI)f^HO 

Bromosntioyloos  acid CulH.Br)0_BO 

Saligenin C„H,(I, 

Salicylic  aoid C|,H40,,2HO 

SaLIOTLQUS    AOin;    ABTiriClAl    OIL    Of    KKADOW-BWIBT,     C„H,Oj.H0.— OB*      I 

part  of  salicin  is  dissolved  in  ID  of  wal«T,  and  mixed  in  a  retort  with  1  jut  J 
of  powdered  bichromate  of  potassa,  and  2}  parts  of  oil  of  ntriol  diluted  wilh  J 
10  parts  of  vrnter ;  gentle  heat  is  applied,  and  after  the  cessation  of  the  «1 
Tcsoenoe  first  prodnced,  the  mixture  is  distilled.  The  yellow  oily  pnjdiKtit 
separated  from  the  water,  and  purilied  by  rectification  from  chloride  of  <•('  | 
qium.  It  is  thin,  colorlens,  and  transpitrent,  but  acquires  a  red  tint  by  Up*'  I 
sure  to  tho  air.  Water  dissolves  a  sensible  qanntity  of  this  sabstance,  teqi^  I 
>  the  fragrant  odor  of  the  oil,  and  the  charnctoristic  proporty  of  alrikisf* 
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p  Tlolet  color  irith  a  salt  of  sesqaioxide  of  Iron,  a  property,  howo*er,  irhidh 
it  alBO  enjoyed  b;  snlicjlig  ai'id.  Alcohol  and  plher  dissolve  It  in  all  propor- 
tlona.  Jl  has  a  density  of  1-1T3,  and  boils  nl  386°  (16e°']C),  irben  h«sled 
Klooe.  Salicyloas  acid  decompoaeG  the  alknliiiF  carbonates,  even  in  tbe  sold: 
it  is  acted  u^od  witb  great  energy  by  chlorine  and  bromine.  By  annlyeis  it  IB 
found  to  oontnin  C|.llgO^,  or  ILe  Bnine  elements  us  crjEtiLllized  beuiuic  acid; 
and  ibo  density  of  itx  vnpor  is  also  the  same,  being  4-276. 

Saliotlite  of  potasba,  KO,ChF,0,. — This  eoapound  is  easily  prepared  by 
mixing  the  oil  vilh  n  strong  eoliilion  of  csnslic  potasBa ;  it  sepitrnles,  on  agi- 
tfltian.  as  a  yellow  crystnlline  mass,  which  vay  be  pressed  between  folds  of 
blotling-pnper,  and  reorjstBlliied  from  alcohol.  It  fonnslflrge,  sqaare,  golden- 
yellow  tables,  which  have  a,  greasy  feel,  and  dissolve  very  easily  botli  in  water 
and  alcohol:  tbe  solntion  has  an  alkaline  reaction.  Wheu  quite  dry,  the  crys- 
tals are  permauent  in  the  air ;  but  in  a  linmid  state  they  Boon  become  greenish, 
and  eTentunll;  change  to  a  black,  soot-like  substanoe.  insoluble  in  water,  bat 
disaoNed  by  spirit  and  by  solution  of  alkali,  called  mtlanic  acid.  Acetate  of 
iratasBa  is  formed  at  the  same  time.  Melanio  acid  is  said  to  contain  C„H,0,g. 
The  crystals  of  aalicylile  of  potassa  contain  water  which  cannot  be  eipelled 
Witbont  partial  decomposition  of  the  salt. 

Sahcvlite  of  AMMONis,  NHjO,CnH,Oj,  cryatalliies  in  yellow  needles,  ■which 
•re  quickly  destroyed  with  liberation  of  ammonia  and  the  acid.  Siilin/lite  of 
baryta,  SaO,C^Ui)j+2HO.  forms  Utie  yellow  acicolar  orystals,  which  ara 
but  slightly  Ealubfe  in  the  cold,  SalicylUi  of  copper  is  a  green  insoluble  pow- 
der, containing  CuO,C„HjOj, 

Sallcylite  of  copper  by  dustruclive  distillation  gives,  among  other  products, 
■alicylons  acid,  and  a  solid  body  forming  colorless  prismatic  crystals,  fuaibla 
tknd  volatile.  Tbis  body  is  insoluble  iu  water,  but  dissolied  by  alcohol  and 
etber.  Nitric  acid  converts  it  into  anilic  and  picric  acids.  (See  ludigo.)  It 
aontblDS  C,tfl,0,,  and  is  isomeric  with  anhydrons  benioic  add. 

CHtoaO-siLicvLDtifl  ACID.  C.4(T1,C1)0,.HO.  —  Chloriue  acts  very  strongly 
npon  aalicf  lous  acid ;  tbe  liquid  becomes  heated,  and  disengages  Inrge  quan- 
tities of  hydrochloric  acid.  The  product  is  a  sligbtly-yellawish  crystalline 
maao,  which,  when  dissolved  in  hot  alcohol,  yields  colorless  tubular  crystnls 
of  the  pure  compoand,  having  a  pearly  lustre.  The  substance  is  insoluble  in 
water ;  it  dissolyea  freely  in  alcohol,  ether,  and  solutioas  of  tbe  filed  alkalies ; 
from  the  latter  it  is  precipitated  unaltered  by  the  adJilion  of  an  acid.  It  is 
not  eren  decompoaed  by  long  ebullition  with  a  concentrated  solntton  of  caustic 
potassa.  Heated  in  a  retort,  it  melts  and  volatilizes,  condensing  in  the  cool 
part  of  the  vessel  in  long,  snow-white  needles.  The  odor  of  this  substance  is 
peculiar  and  by  no  means  agreeable,  and  its  taste  is  hot  and  pungent. 

Chloro-sulicylouB  acid  combines  with  the  metallic  oxides;  with  polassa  it 
forms  small  red  crystalline  scales,  very  soluble  in  water.  The  corresponding 
compound  of  baryta,  prepared  from  the  foregoing,  by  double  decomposition, 
is  an  insoluble  crystalline,  yellow  powder,  containing  BaO, 0^(11^01)01. 

BROuo-BAiicvLoua  AOJD,  C|,[H4llrlO,,HO.— The  bromine-compound  is  pr*- 
pareJ  hy  the  direct  action  of  bromine  on  salicylouB  acid :  It  cryslallitea  in 
■mail  oolorlDBS  needles,  and  very  closely  resembles  in  properties  Qie  oblorine- 
compaund.  Salioylous  acid  dissolves  a  large  qaandty  of  iodine,  acquiring 
thereby  a  brown  color,  but  forming  ilo  combination ;  the  iodine-oonipflund 
may,  however,  be  procured  by  distilling  iodide  of  potassium  with  obloro-aali- 
ajloua  acid.     It  sublimes  as  a  blnckiah-brown  fusible  mass. 

CHtOKOSAKiuB. — The  action  of  dry  ammoniaoal  (;a5  on  pare  chloro-salioj- 
lona  acid  is  very  remarkable;  the  gas  is  absorbed  in  large  quantity,  and  a 
■olid  yellow,  re°inous-lonkiog  compound  produced,  which  dissolves  in  boiling 
etiier,  and  separates  as  the  solution  Dools  in  line  yellow  iridescent  crystals: 
this  and  a  little  water  are  tlie  only  proilucts,  not  a  tmoc  of  sal-ammoniao  can 
be  detected.     Chlorosatnide  is  nearly  insoluble  in  water;  it  dissolves  withonl 
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change  in  ether,  and  in  absolute  alcohol ;  with  hot  rectified  spirit  it  is  parttaUf 
decomposed,  with  disengagement  of  ammonia.  Boiled  with  an  acid,  it  yiel& 
an  ammoniacal  salt  of  the  acid  and  chloro-salicylous  acid ;  with  an  alkidi,  on 
the  other  hand,  it  gives  free  ammonia,  while  chloro-salicylous  acid  remains 
dissolved.  Chlorosamide  contains  O42(H^Clg)N2O0;  it  is  formed  by  the  addi- 
tion of  2  eq.  of  ammonia  to  8  eq.  of  chloro-salicylous  acid,  and  the  subsequent 
separation  of  6  eq.  of  water.  A  corresponding  and  very  similar  substance, 
bromosamidej  is  formed  by  the  action  of  ammonia  on  bromo-salicyloas  acid. 

Salioenin. — This  curious  substance  is  a  product  of  the  decomposition  of 
salicin  under  the  influence  of  the  emulsin  or  synaptase  of  sweet  almonds;  it 
18  also  generated  by  the  action  of  dilute  acids.  In  both  cases  the  salicin  is 
resolved  into  saligenin  and  grape-sugar.  Saligenin  forms  colorless,  nacreons 
scales,  freely  soluble  in  water,  alcohol,  and  ether.  It  melts  at  180^  (82®C)| 
and  decomposes  at  a  higher  temperature.  Dilute  acids  at  a  boiling-heat  con- 
vert it  into  a  resinous-looking  substance  C,4Hf02,  called  taliretin.  Many  oxi- 
dizing agents,  as  chromic  acid  and  oxide  of  silver,  convert  this  substance  into 
salicylous  acid :  even  platinum-black  produces  this  effect.  Its  aqueous  sohi- 
tioM  gives  a  deep  indigo-blue  color  with  salts  of  sesquioxide  of  iron.  Salige- 
nin contains  Cj^HgO^.  Hence  the  transformation  of  salicin  is  represented  by 
the  equation : — 

2C9,H,80„  4-  8H0  =  Cj^HjgOsa  +  2CmH804 
Salicin.  Grape-sugar.    Saligenin. 

P^Uicin  yields  with  chlorine  substitution-compounds  containing  that  element^ 
which  are  susceptible  of  decomposition  by  synaptase,  with  production  of 
bodies  termed  chloro-  and  bichloro'taligenin.  Cliloro-saligenin  very  closelj 
resembles  saligenin,  and  contains  C,4(H^C1)04.  Certain  products,  called  bj 
M.  Piria  helicin,  helicoidin,  and  anilotic  acid  are  described  as  resulting  from  the 
action  of  dilute  nitric  acid  upon  palicin.  With  strong  acid  at  a  high  tempen- 
4uro  nitro-salieylie  acid  (anilic  acid).  C,4(HgN04)0-,  is  produced. 

Salicylic  acid,  €,4X1404.2110. — This  compound  is  obtained  by  heating  sali- 
cylous acid  with  excess  of  solid  hydrate  of  potassa :  the  mixture  is  at  first 
brown,  but  afterwards  becomes  colorless ;  hydrogen  gas  is  disengaged  during 
the  reaction.  On  dissolving  the  melted  mass  in  water,  and  adding  a  slight 
excess  of  hydrochloric  acid,  the  salicylic  acid  separates  in  crystals,  which  are 
purified  by  re-solution  in  hot  water.  This  substance  very  much  resembles 
benzoic  acid ;  it  is  very  feebly  soluble  in  cold  water,  is  dissolved  in  large  quan- 
tities by  alcohol  and  ether,  and  may  be  sublimed  with  the  utmost  ease.  It  is 
charred  and  decomposed  by  hot  oil  of  vitriol,  and-attacked  with  great  violence 
by  strong,  heated  nitric  acid.' 

Salicylic  acid  can  also  be  prepared  with  great  ease  by  fusing  salicin  with 
excess  of  hydrate  of  potassa,  and  also  by  the  action  of  a  concentrated  and  hot 
solution  of  potassa  upon  the  volatile  oil  of  Gaultheria  procumbens,  which  is  the 
methyl-compound  of  this  acid  occurring  in  nature  (see  essential  oils  contnin- 
ing  oxygen).  When  salicylic  acid  is  mixed  with  powdered  glass  or  sand,  and 
exposed  to  strong  and  sudden  heat  in  a  retort,  it  is  almost  entirely  converted 
into  carbonic  acid  and  hydrate  of  phenyl,  0,2^6^2'  ^  substance  found  in  con- 
siderable proportion  in  coal-tar  naphtha, — and  the  same  change  happens  to 
many  of  its  salts  with  even  greater  facility. 

POPULIN. — This  substance  closely  resembles  salicin  in  appearance  and  solu- 
bility, but  has  a  penetrating  sweet  taste :  it  is  found  accompanying  salicin  is 

*  [Both  toluylic  acid  and  SMllryljV  acid  when  taken  internally  are  rejected  from  Uw  ^<iB' 
In  urine,  as  compound  aniidoirru  acids  nnalopons  to  hippuric  acid.  The  toIuylurii-apWb».<tl>« 
eompopition  CaoHioNOs,  and  salicyluric  CipUtNOb.  or  glycociue  and  toluylic  or  aalfcyHe  id* 
cwpMtively,  less  two  equivalents  of  water.— R.  B.] 
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Qie  liarfc  anJ  leaves  of  the  nspen  Acoordiog  to  the  reBearehes  of  Pirin,  pop- 
nKn  Bontnina  C^H^O^  -|-  4110.  It  it  a  conjugate  aomp'inad  of  Balicin  and 
beoioia  acid. 

C«,H^O„    =    CuHjOj    4.     C„Hi50,j  +  2H0 

CrjBtnll.  populin.  Benzoic  acid.         SnJiciu. 

B;  IhB  ictioa  of  reagents  it  is  coDTerted  into  beazoic  said,  and  the  products 
of  decomposition  of  sitticin.  Witli  dilute  acid  it  j'ielils  benzoic  Boid,  grape- 
sugar,  and  salirotin ;  when  treated  «Lth  a  mixture  of  sulpbuiic  acid  and  bi- 
chromate of  potassa,  it  furnishes  a  considerable  quantity  of  salioy Ioub  aoid. 

Fhlosidzin.' — ^Thia  is  a  substaace  benring  a  great  hkeness  to  uilioin,  found 
in  the  root-rind  of  the  apple  and  oherrj  tree,  and  extracted  by  boiling  alco- 
hol. It  forma  Sne,  culoileBS,  silk;  needles,  soluble  in  1000  pnrts  of  cold  water, 
bnt  freely  dissolved  b;  that  liquid  when  hot;  it  is  aleo  soluble  vithout  diffi- 
culty in  alcohol.  It  containH  U^H^O^ -|-  4E10.  Dilute  acids  coniert  phlo- 
ridiin  iiito  grape  sugar  and  a  cry  eta  Unable  sweet  substance  called  j/hlorttin, 
C„H„0„. 

■2(C„U„0^  4-  <R0)      =      C„H^O„    4-     2C„H„0,o. 
Phloridiin.  Grape-sugw.         Phloretin. 

Pbloridzln,  when  fused  with  hydrated  potnssa,  yields  pklortlie  acid,  C„H^Op 
a  beautifully-crystalline  acid,  homologous  to  salicylic  and  anisic  aoidi 

CuM*»iN.— This  ia  the  odoriferoua  principle  of  the  loaka-ttan.  It  may  be 
often  seen  forming  minute,  colorless  crystals  under  the  skin  of  the  seed,  and 
betwesn  the  cotyledons.  It  is  beat  extracted  by  macerating  the  sliced  beans 
In  hot  alcohol,  and,  after  straining  through  cloth,  dis^tUng  off  the  greater 
part  of  the  spirit.  The  syrnpj  residue  deposits  on  standing  cryalala  of 
CBmariD,  which  must  be  purilied  by  pressure  from  a  fat  oil  which  abounds  in 
the  beans,  and  then  crystalliied  IVom  hot  water.  So  nbt^aed,  cumarin  formi 
slender,  briiliant,  colorleas  needles,  fusible  at  1 22°  (50°C),  and  distilling  with- 
out decomposition  at  a  higher  temperature.  It  has  a  fragrant  odor  and  burn- 
ing taate  ;  it  is  very  alighlly  solnble  in  cold  water,  more  freely  in  hot  water, 
tad  also  in  alcohol.  It  is  unaffected  by  dilate  acids  and  nlknlies,  whloli 
merely  dissolve  it.  Boiling  nitric  acid  converts  it  into  picric  acid,  and  a  hot 
concentrated  solution  of  potossa  into  cunaric,  and  eventually  into  salicylic 
Mid.  Cumarin  exists  in  several  other  plants,  as  the  MdiloUa  effidnalu,  the 
Atf^nda  odorata.  and  the  Anthoianlhum  odaratura.  According  to  M.  Bleibtren 
It  eontains  CuHiO,.     Cumaric  acid  is  C„H,0,. 


1 


The  BBSential  oil  of  cinnamon  seems  to  possess  a  eonslitnUon  anali^oos  to 
that  of  bitter-almond  oil :  it  passes  by  oxidation  into  a  volatile  acid,  the  etn- 
nsmie,  which  resembles  in  the  closest  manner  benzoic  acid.  The  radical  as- 
tamed  in  these  substances  bears  the  name  of  einnamyt;   it  has  not  bocD 

Table  0/  Cinnamt/l'CavgjotiBdi. 

Cinnamyl  (symbol  Ci) ('iiHtO, 

Chloride  of  cinnamyl C,JlJXfil 

Hydride  of  cinnamyl ;  oil  of  cinnamon         .        .  CaH.O.H 

Hydcated  oxide  of  cinnamyl  j  oinnamic  aci^        .  CuIT,OiO,HQ 

Cinnamybc  alcohol       .  .  .         .       '  .  .  CtHfi.HO 

Cionamate  gf  oinnamylic  ether    ....  CuH,0,C„Hi^ 


^^L      oil  c 
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HtDBII)!    or     OINNANTI.:    OIL    or    CIKXAHUH, 

itilj  is   crunhed,  iiiluccd  Iwelre  hours  in  t 

I,  and  tlien  Ihe  «bo1e  Fulijfcted  lo  mpiU  iliEtillHUon.     Wa»r  pnssM 
ttdlk;  from  eBsentiiil  oil,  nfaioli  after  n  time  ^ppnr&leB.      It  is  collected  *t 
for  B  ishocl  time  in  contact  vith  cbloride  ot  oaloium      This  fragrant  nud 
■nbatance  ban,  like  moat  of  the  Toktile  oilti,  a  certsin  degree  of  salatrililjli 
vater ;  it  is  heavier  Ibsn  that  liquid,  and  ainke  to  the  bottom  or  the  receinc 
in  which  the  diaiilted  productn  b«*e  been  colleeled.     II  cantaiiia,  aeoording  tl 
M.  Dumns,  CuII,0. 

ClBNtMlc  iCiu,  tiO,HO,  — When  pqre  oil  of  oinnamon  ia  exposed  lo  tb 
air,  OT  eiicloHed  in  a  jar  of  oxjgen.  it  ib  quickl;  converted  by  absorption  « 
tbe  gas  into  a  maea  of  vhite  crystalline  untlcr,  nhich  is  b;drs.ted  oitinuido 
Boid  ;  this  is  the  onl;  product.  Cinnaraie  acid  is  found  in  Peri}*iaii  and  TdL 
balaams,  asBuoiated  with  bentoic  acid,  and  certain  oil]'  and  ntBinona  uil~ 
Htancea:  it  maj  be  procured  by  the  followiug  process  in  great  abundanee,  U 
in  a  alate  of  perfect  purit;.  Old.  hard  Tolu  balsam  ia  rednoed  to  poirdtr  at 
intimatelf  mixed  with  an  equal  weight  of  hjidrnte  of  lime :  this  niiitiM 
boiled  for  some  time  in  a  largo  quanlil}'  nf  water,  and  filtered  hot.  OddoiI 
ing,  oinnamate  of  lime  crjstalliie?  out,  vhile  benioate  of  lime  remains  in  soil 
Udd.  The  impure  aslt  ia  redia'ohed  in  boiliiiK  vater.  digested  with  aofinl 
oharcDsl.  and,  after  Bltration,  suffered  to  or^ataliiie.  The  crystals  are  dridin 
and  pressed,  once  more  dissoWed  in  hot  waler,  and  an  exceas  of  hydrochlol! 
acid  being  added,  the  Khole  is  ulloweil  to  cool ;  the  pure  c ' 
rates  in^all  plates  or  needle-lormed  crjalnls  of  perfect 
the  origiual  niotber-liqaor  mucli  benioio  acid  can  be  procn. .  _. 

The  erjsCals  of  ciuunmtc  acid  are  amnller  and  less  distinct  than  tbaaei 
benioie  acid,  which  in  moat  respects  it  jery  closel;  resembles.  It  melts 
349°  (120°C),  and  enters  into  ebullition  nud  distite  without  change  M  M 
[2^3°. 3C) :  the  vapor  is  pungent  and  irritating.  Cinuamio  acid  ia  mueli  It 
soluble,  both  ia  hot  and  cold  water,  that)  benioio ;  a  hot  saturatecl  soluQi 
becomes  on  oooling  a  Bofl-solid  mass  of  small  nacreous  cryatals.  It  dissoH 
witb  perfect  ease  in  alcohol.  Boiling  nitric  acid  decomposes  einnamio  ai 
with  great  energy,  and  with  production  of  copious  red  fumes :  bitler-almol 
oil  distils  over,  uud  benaoio  acid  remains  In  the  retort  in  which  the  ei|i« 
ment  is  made.  When  cinnamio  acid  is  heated  in  a  retort  with  a  miztiire  I 
strong  solution  of  bichromate  of  potnasa  and  oil  of  vitriol,  it  is  almost  li 
atanlly  converted  into  benioio  acid,  which  afterwards  distils  aver  wiOl  fl 
vapor  of  water :  the  odor  of  bitter-almond  oil  is  at  the  same  time  Ter;  pt 
oeptible.  On  fusing  ciunamio  acid  with  an  eiceaa  of  hydrate  of  potassa,  it 
decomposed  into  benzoic  and  acetic  acida.  This  observation  basledtot. 
synthesis  of  cinnamlu  acid  by  M.  Bertagnini.  When  oil  of  bitter-almonds  tl 
heated  in  a  sealed  lube  with  chloride  of  acetyl,  cinnamic  acid  is  prodnmit 
together  with  hydrochloric  ooid. 

c„H,o,  4-  c,n,OjCi  =  c„H,04  +  Ha. 

Cinnamic  acid  forms  with  bases  a  variety  of  salts  which  are  very  simll 
to  the  benioatea.  The  crysUUiied  add  contains  C„H,0,,HO.  When  fi 
tilled  with  an  eicesg  of  lime  or  baryta,  cinnamic  acid  undergoes  a  deeompal 
tioQ  analogous  to  that  of  benioio  acid ;  an  oily  liquid,  cinnatnol.  C„Hp  dirf 
oyer,  wliiUt  a  carbonate  of  the  nltaline  earth  remaina  behind,  C„H,0.  -1-  2B« 
=  2(BaO.CO,)  +  C^H,.  This  oil  is  also  found  in  liquid  storai,  and  ii  ii<*^ 
qnently  described  by  the  term  j(jiro/.      (See  Resins  and  Balsams). 

Cblobocinnosk. — This  is  the  ultimato  product  of  Ihe  action  of  chlorine  ot, 

oil  of  cinnamon  by  the  aid    of  heat.     When  purified  by  crystnllitalion  fni«  ■ 

'  -'    =t  forms  brilliant,  colorless  needles,  fusible,  and  suaceptible  ofiiils' 

without  change.      It  ia   not  affected   by  boiling  oil  of  vitriol,  Wl^ 
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may  be  distUled  without  decomposition  in  a  current  of  ammoniacal  gas. 
Chlorocinnose  contains  CigH'4G]402;  it  is  formed  by  the  substitution  in  the  oil 
of  cinnamon  of  4  eq.  of  chlorine  for  4  eq.  of  hydrogen.  The  true  chloride  of 
eirmamyl,  €iCl|  seems  to  be  first  formed  in  considerable  quantity,  and  subse- 
quently decomposed  by  the  continued  action  of  the  chlorine ;  it  appears  as  a 
Tery  thin,  fluid  oil,  conTertible  into  a  crystalline  mass  by  strong  solution  of 
potassa. 

When  cinnamon  oil  is  treated  wijh  hot  nitric  acid,  it  undergoes  decomposi- 
tion, being  converted  into  hydridevlf  benzoyl  and  benzoic  acid.  With  a  boil- 
ing solution  of  chloride  of  lime  the  same  thing  happens,  a  benioate  of  the  base 
being  generated.  If  the  oil  be  heated  with  solution  of^  caustic  potassa  it 
remains  unaffected;  with  the  solid  hydrate,  however,  it  disengages  pur« 
hydrogen,  and  forms  a  potassa  salt,  which  appears  to  be  the  cinnamato. 
When  brought  into  contact  with  cold  concentrated  nitric  acid,  a  crystalline, 
yellowish,  scaly  compound  is  obtained,  which  is  decomposed  by  water  with 
separation  of  the  oil.     With  ammonia  a  solid  substance  is  produced. 

Two  Tarieties  of  oil  of  cinnamon  are  met  with  in  commerce  of  very  unequal 
▼alue.  Til.,  that  of  China  and  that  of  Ceylon ;  the  former  being  considered  the 
better :  both  are,  however,  evidently  impure.  The  pure  oil  may  be  extracted 
from  them  by  an  addition  of  cold,  strong,  nitric  acid  ;  the  crystalline  matter 
which  forms  after  the  lapse  of  a  few  hours,  separated  and  decomposed  by 
water,  yields  pure  hydride  of  cinnamyl. 


There  can  be  no  douot  that  the  cinnamic  acid  in  Tola  and  Peru  balsams 
if  gradually  formed  by  the  oxidation  of  a  substance  very  closely  related  to 
the  alcohols.  When  these  balsams  are  first  imported  they  are  nearly  fluid, 
but  gradually  acquire  consistence  by  keeping.  By  the  aid  of  an  alcoholic  solu- 
tion of  potassa,  a  compound  sometimes  oily,  sometimes  solid,  may  be  sepa- 
rated from  these  balsams,  which  cannot  be  distilled  without  par^ii^l  decom- 
position. This  compound,  described  respectively  under  the  name  of  cinna' 
wuin  (when  oily),  and  ttyrndn  (when  solid),  when  distilled  with  hydrate  of 
potassa,  is  converted  into  cinnamic  acid  and  a  neutral  substance,  which  like- 
wise occurs  in  an  oily  and  crystalline  modification,  and  has  been  called,  re- 
spectively pertwin  and  ttyrone.  These  substances  are  related  to  each  other  in 
a  very  remarkable  manner.  Peruvin  may  be  viewed  as  the  alcohol  of  cinna- 
mic acid,  when  cinnamein  becomes  the  compound  ether,  eonsistiog  of  this 
alcohol  and  cinnamic  acid.  This  relation  will  become  obvious  by  the  follow- 
ing f ormulsB :  — 


Ethyl-series. 
Alcohol       .        .    CJl50,H0 
Acetic  acid.        .    C4H309«H0 
Acetic  ether        .     C4H50,C4Hj03 


Ginn&mylHBerles. 
Peruvin    .         .     C,8H,0,H0 
Cinnamic  acid  .     C,8H70g,HO 

.     CigHgCCigHfOg 


Cinnamein 


When  treated  with  oxidizing  agents,  peruvin  yields  cinnamic  acid,  or  its 
products  of  decomposition,  oil  of  bitter-almonds  and  benzoic  acid. 

Cinnamic  alcohol  and  cinnamic  acid  belong  to  a  series  of  alcohols  and  acids 
of  whiflh,  as  yet,  very  few  terms  are  known.  They  stand  to  the  alcohols  and 
acids,  of  which  the  benzoic  compounds  may  be  considered  as  the  prototypes, 
in  the  relation  which  obtains  between  propylio  alcohol  and  propionic  acid  on 
the  one  hand,  and  allylic  alcohol  and  acrylic  acid  on  the  other  hand. 
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VEGETABL»ACIDS. 


Thi  Tegetable  acids  oonstitnte  a  Terj  nataral  and  important  ft] 
group  of  cooiponnds,  man;  of  wliich  posseBH  Ihe  property  of  aeidity,  i. 
reaction  to  litmuB- paper,  and  power  of  forming  stable,  nentral,  sni 
cryalftlliiabtB  compoondB  »illi  bases,  to  an  extent  comparable  with  that  of  fli 
mineral  acids.  Some  of  tbege  bodies  are  very  widely  diffused  through  tb 
vegetable  kingdom ;  others  are  of  oiiicb  marc  limited  oocarrence,  being  fool 
in  some  ten  parlicolar  planti  ooly,  and  very  freqnently  in  cambinalien  wH 
organic  alkaline  bases,  in  conjunction  with  whicb  certain  of  them  will  1 
found  described.  Muny  of  the  vegetable  acids  are  polybasio;  and" 
markable  that  in  the  new  products,  or  pyro-aoids,  to  which  they  often  ^i 
rise  under  the  inflaence  of  heal,  this  character  is  naually  lost.  *' 

The  particnlar  acids  now  to  be  described  are  for  the  most  part  of  ntM 
siTC  ftnd  general  occarrenco.-  mention  will  be  made  of  Eotue  of  the  r> 
*  h  their  respeolive  souroea. 


Tablt  0/  VtgttabU  Addt. 


Tartaric  acid  . 
Pyiotartaric  acid 
IlaaeiDia  acid  . 
Citric  aoid 

Aconitio,  or  equiaetic  acid 
Citracooie  acid . 
Itaconic  acid    . 
Malic  aoid 

MaleioBcid       !  '.         '. 


C,  H,0^2IT0 
C,,H-0^  2H0 


C, 


lull  O,,, 

H,.0„ 
H  O, 


,,2H0 

„2no 

^2H0 
^2H0 
2H0 
2H0 
,3110 
2H0 


2H0 


Tabta&io  aoid. — This  is  Ihe  acid  of  grapes,  of  tamarinds,  of  the  pine-appK 
and  of  seTcral  other  fruits,  in  which  it  ocean  in  the  state  of  an  add  polaav'' 
salt;  tartrate  of  lime  is  also  occaaionslly  met  with.  The  tartaric  aoid  i 
B  wholly  prepared  from  the  fnrftr  or  ars/ol.  an  inipnre  acid  tl 
«  of  potassa.  deposited  from  wine,  or  rather  grape-juice,  in  the  aal  of  fU 
itnlioD.  This  substance  is  pnrified  by  solntion  in  hot  water.  Ihe  use  A 
little  pipe-clay,  and  animal  coarcoal  to  reniOTB  llie  coloring  mailer  of  fl 
wine,  and  subsequent  crystallization;  it  then  conatitntes  cream  of  tai 
■enea  for  the  preparation  of  the  acid.  The  ^alt  is  dLssolied  in  boiling  wM 
kud  powdered  chijk  added  as  long  as  efierrescenoe  is  excited,  or  the  llqW 
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•xhibiU  an  acid  rpaction;  tartr^Lte  uf  lime  and  neutrid  Inrtiate  of  potaasft 
resalt;  tbeinlterie  Bcpsr»ted  fVom  (he  former,  which  is  inaaluhle,  b;  filtrs- 
tion.  The  solution  of  Urlrate  of  potasan,  is  tlicn  mixed  with  excess  of  chloride 
of  calciiini.  which  throws  down  nil  the  remaining  acid  in  the  form  of  lime-salt: 
tuis  ie  washed,  ndded  to  tbe  former  portion,  and  then  the  whole  digested  with 
B  sufficient  quantit;  of  dilute  snlphuric  Knid  to  withdraw  the  base  and  liberate 
tbe  organio  acid.  The  filtered  Holutiun  is  cantioaslf  evftporated  to  ■  sjiupj 
oonsistence,  and  placed  to  ar^'stalliie  in  a  warm  titiiaCioQ. 

Tartaric  acid  forma  colorless,  Iranapnrent  crystals,  often  of  large  site, 
which  have  the  figure  of  an  obliqna  rhombio  prism  more  or  less  modified; 
these  are  permatieiit  in  the  air,  and  inodorons;  the;  disaolie  with  great 
facility  ia  water,  both  hot  and  oold.  and  are  soluble  also  ia  alcohol.  The  isola- 
tkiD  reddens  litmus  strongly,  and  has  a  pure  acid  taste.  The  aqueous  solu- 
tion, OB  lias  been  mentioned  (page  69),  possesses  right-handed  polariialion. 
This  Bolotion  is  gradually  spoiled  by  keeping.  Tartaric  aoid  ia  bibasici  tba 
crystals  contain  C,l1,0,g,2H0.  This  substance  is  consumed  in  large  qnanU- 
ties  by  the  calico-printer,  being  employed  to  eTolve  chlorine  from  solution  of 
bleaching  powder  in  the  production  of  white  or  diicharged  patterns  upon  a 
colored  ground. 

TABTBAtES     OP     POTASSA ;      NRDTftAL     TAaTBATK ;      SOtCBtE     TAHTAB. ;      2K0, 

GsH^Ok.  — The  neutral  salt  ma;  be  procured  by  neiitralizing  cream  of  tartar 
witb  chalk,  as  in  the  preparation  of  the  acid,  or  \.j  adding  carbonate  of 
polaasa  to  cream  of  tartar  to  saturation;  it  is  very  soluble,  and  crystallizes 
with  difficulty  in  riglit  rhombic  prisms,  which  are  permanent  in  tho  air,  and 
have  a  bitter  saline  taste. 

Acid  tahtbatb  oy  potassa;  cream  or  tartab;  K0,H0,C,H,0„,  —  Tho 
origin  and  mode  of  preparation  of  this  substance  have  been  already  described. 
It  forms  small  transparent  or  translucent  prismatic  crystals,  irregularly 
grouped  together,  which  grit  between  (he  teeth.  It  dissolves  pretty  freely  in 
boiling  water,  but  the  greater  part  separatee  as  tbe  solution  cools,  leaving 
about  ^  or  less  dissotved  in  the  cold  liquid.  The  salt  has  an  acid  reaction, 
and  a  sour  taste.  When  exposed  to  heat  in  a  close  vessel,  it  is  decomposed 
with  evoInCion  of  inflammable  gas,  leaving  a  miitnre  of  finely-divided  cbar- 
ooal  and  pore  carbonate  of  potsssa.  from  which  tbe  latter  may  be  extracted 
by  water.  Cream  of  tartar  is  almost  always  produced  when  tartaric  acid  in 
excess  is  added  to  a  moderately-strong  solution  of  a  potassa-salt,  and  the 
whole  agitated. 

Tabtrateb  Of  SODA.  —  Tffo  compounds  of  tartaric  acid  with  soda  are 
known;  a  neutral  latt,  2>JaO,C,H,0„-|- 4H0;  and  an  acid  tall,  KaO,QO, 
C,H,0^-t-  2H0.  Both  are  easily  soluble  in  water,  and  cryslallize.  Tartaric 
acid  and  bicarbonate  of  soda  form  the  ordinary  fffervadng  draagku. 

TaRTKATK  Uf  FOTASSA  AMD  SODA  ;     KoaHl!I.LB  Or  BEIGNETTE    SALT;     EO,NaO, 

G|H^Oh  +  SHO.  —  This  beautiful  salt  is  made  by  neutralizing  with  carbonate 
of  soda  a  hot  salution  of  cream  of  tartar,  and  evaporating  to  the  consistence 
of  thin  syrup.  It  separates  in  large,  transparent,  prismatic  crystals,  th« 
faces  of  which  are  unequally  developed;  these  effloresce  slighly  in  the  air,  and 
iiasolve  in  1}  part  of  cold  water.  Acids  precipitate  cream  of  tartar  from  the 
Mention.     Rocbelle  salt  has  a  mild,  saline  taste,  and  is  used  as  a  purgative. 

Tastbates  ar  ahhonia.  — The  nrulral  tartrate  is  a  soluble  and  efflorescent 
lalt  oontwning2NH,0,C,H,0„  +  aeO.  The  add  tartrate,  Ne,O.HO,C,HjO„ 
tlosely  resembles  ordinary  cream  of  tartar.  A  sail  corresponding  to  Rooheue 
ialt  also  exists,  having  oxide  of  ammonium  in  place  of  soda. 

The  tartrates  of  lime,  baryta,  itrontia,  nagneiia,  and  of  the  oxides  of  most 
ll  the  metals  proper,  are  insoluble,  or  nearly  so,  in  water. 

Tabtbatk  or  ANTiMONT  AND  poTASSA ;  TARTAB  EUETio.  —  This  Salt  is  easily 
Bftde  by  boiling  lerolide  of  antimony  in  solution  of  cream  of  tartar;  it  is  deposited 
b*m  t,  hot  and  concentrated  solution  in  crystals  derived  from  an  ootaheJroa 


i 
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with  rbotnbio  bue,  which  disioWe  Kithont  decotnpositioD  in  1 '  ;-nrts-i)f  t 
ftnd  8  or  boiling  water.  Bad  haie  an  acrid  and  extremel;  disng  it^'ihle  nsU 
tul«.     The  solulion  ia  inoompalible  with,  and  deoorapoeed  by,  both  aridsi 
•Ikaliea  :  the  former  throws  down  a  mixture  of  oroHiia  of  tartar  and  temi 
af  aatimon;,  and  the  Inttdr  the  loroiide,  whiob  is  ngain  dissolved  bj  grMI 
•icesB  of  the  reagent.     Sulphuretted  hydrogen  separaCea  all  the  antimo   ~  '^ 
the  state  of  teraulphide.      Heated  in  a  dry  state  on  charcoal  before  tiie 
ripe,  it  yields  a  globule  of  metallic  aDlimony.    The  crystoLi  oontsin  KO,SbC{( 


E'pe,  it  yields  a  gli 
jH,0„  +  4H0.> 


A  solution  of  tartaric  acid  diaaolves  hjdrated  aesquioiide  of  iron  in  lup 
qnaotitj,  forming  a  brown  liquid  which  has  an  aoid  reaction,  and  dries  up  if 
gentle  heat  to  a  brown,  transpRront,  glnsB;  substanoe,  destitute  of  all  IreM 
of  crystalliiatioD.  It  is  very  eoluble  in  water,  and  the  solution  is  net  precljll- 
tsted  by  alkalies,  fixed  or  volatile.  Indeed,  tartaric  acid,  added  in  Bnffiairal 
qnanlity  to  a  solution  of  seoquioxide  of  iron  or  alumina,  enlirelj  prevents  lli 
precipitation  of  the  bases  by  eioeas  of  ammonia.  Tartrate  and  ammaruiHi 
tartrate  of  iron  are  used  in  medicine,  these  compounds  having  a  less  disagrti- 
•bio  taste  than  moat  of  the  iron  preparations. 

Solution  of  tartaric  acid  gives  white  precipitates  with  lime  and  barjtl- 
water,  and  with  acetate  of  lead,  which  dissolve  in  eiceas  of  the  acid;  wtft 
neutral  salts  of  lime  and  baryta  no  change  is  produced.     The  effect  on 
tions  of  jntasBa-Balla  has  been  ab;eady  noticed. 


I 


Action  or  heat  om  tabtario  aoid. — When  crystallized  tartaric  aci J  k 
•iposed  to  a  temperature  of  400°  (HCM^'SC)  or  thereabonts,  it  mellSi ' 
water,  and  passes  through  three  difl^erent  modifications,  called  in  sneo 
tOTtraUc,  tarlrilic,  and  anhydroiu  tarlarie  acid.  The  two  first  are  golubli  i 
water,  and  form  salts  which  have  properties  completely  different  from  tlit* 
of  ordinate  tartaric  acid.  The  third  substance,  or  the  aDbydrons  acid,  \%  ' 
white  insoluble  powder.  All  three,  in  contact  with  water,  slowly  pose  In) 
oonunoii  tartaric  acid.     Their  compositioik  ia  thus  eipressed ; 

Ordinary  tartaric  acid       ....  C,H,0,^2H0 

Tartralio  acid 2C,H,0,o,aHO 

Tartrelic  acid CjH^O^HO 

Anhydrous  acid C,n,0„ 

The  analogy  borne  by  these  bodies  to  tlie  several  modifications  of  pbM 
phorio  acid  will  be  at  once  evident. 

Ptbotahtadid  ao:p. — When  cryatalbied  tartaric  acid  ia  subjected  te  ii* 
etructire  distillation,  a  heavy  acid  liquid  containing  this  sobBtanee  passes  evA 
QCcompaDied  by  a  large  quantity  of  carbonia  acid;  in  the  retor' "~ '""  "  — 
fluid  black  mass,  which,  by  further  besting,  gives  combustible 
pyreumatic  oil,  and  a  residue  of  charcoal.     The  distilled  product  eibali 
powerful  odor  of  acetic  acid,  and  is  with  great  difficulty  pnrified.     '" 
tario  acid  contains  CkH,O(,2H0.     It  forms  two  series  of  salts. 

ied  at  2ia°  (IOa°C),  in  «|atnlml^<tr^< 

ap  thB  elemeuta  ot  wstv  vaA  rapndDH  Uh  orlginiJ  e^ 
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When  tartaric  Boid  is  boated  to  400°  (2D4-5°C)  witli  eseefs  of  hydrate  of 
potasaa,  it  ia  reaolred  without  charring  or  Beoondnry  deoompoaition  iuto  oxnlio 
nnd  aoetio  ocida,  vhinh  rDTna,in  in  uoion  irith  the  base,  Hud  odIj  undergo 
deoomposition  at  a  much  hlgbcr  temperature. 

BtOEiiia  acid;  PABATABTAitio  ACLD. — The  grapes  ouldTnted  in  certnin  dis- 
triots  of  the  Dpper  Rhine,  and  also  in  the  Yoages,  in  France,  contain,  in  aaao- 
cinOon  with  tartario  acid,  another  and  peculiar  Rcid  body,  to  which  the  term 
nmmii:  add  is  given  ;  it  is  rather  less  Boluble  than  tartaric  acid,  nnd  separates 
finil  from  the  salutioo  of  that  sabslunce.  Between  these  two  acida,  however, 
tbe  greatest  possible  resemblance  exij^ts  ;  they  havo  cxoetly  (he  same  compo- 
Eitioa,  and  yield,  wben  exposed  to  beat,  the  same  products ;  the  salts  of  race- 
mio  acid  isorrespund  also,  in  the  closest  manner,  with  tbe  tartrates.  A  solutiao 
ef  this  Hcid  precipitates  a  neutral  salt  of  hme,  which  ie  not  the  case  with  tar- 
taric acid.     A  solution  of  racemic  acid  does  not  rotate  the  plane  of  polariza- 

Hocemic  acid  has  heen  (be  subject  of  some  exceedingly  interesting  researches 
by  M.  Pasteur,  which  have  thrown  mach  light  upon  the  relation  of  Ibis  ncid 
to  tartaric  acid.  If  racemio  acid  be  saturated  with  potnsao,  or  soda,  or  with 
most  other  bases,  crystals  are  obtained,  which  are  identical  in  form  and  phy- 
doal  properties.  By  saturating  racemic  acid,  boneier.  with  two  bases,  by 
forming,  for  instance,  compounds  corresponding  to  Eoohel!e-salt,  which  con- 
bun  potassn  and  soda  or  ammonia  and  soda,  and  allowing  the  solution  to  orys- 
talliie  slowly,  two  varieties  of  crystals  are  produced,  which  may  be  distin- 
gnished  by  their  form,  namely,  as  the  image  and  the  reflection  of  the  image, 
or  as  riglit-handed  and  let't-banded.  If  the  two  kinds  of  crystals  are  carefully 
Beleotad  and  sepnrately  crystallized,  in  eacb  cose  crystals  of  the  one  variety 
only  are  deposited.  The  compositiDn,  the  specific  gravity,  and,  in  fact,  most 
of  the  physical  properties  of  these  two  varieties  of  rocemate  of  potassa  and 
soda,  are  invariably  the  same.  They  differ,  however,  somewhat  in  their 
chemical  characters,  and  especially  in  one  point,  they  rotate  the  plane  of 
pidoriuben  in  opposite  directions.  [See  page  89.)  M.  Pasteur  assumes,  in 
the  two  varieties  of  crystals,  (he  existence  of  two  modifications  of  the  same 
■cid,  whlcb  lie  distinguishes,  according  as  the  salt  possesses  right-  or  left. 
handed  polariiatjon,  by  the  terms  dixtra-racemic  and  levo-raeemic  acidt.  These 
acids  can  be  separated  by  converting  the  above  compounds  into  lead-  or  baryta- 
salts,  and  decomposing  them  by  means  of  sulphuric  acid.  In  this  manner  two 
oryatalline  acids  are  obtained,  identical  in  every  respect  excepting  in  their 
deportment  with  polarized  light,  and  in  their  crystals  behaving  as  image  and 
refleotioD.  Deitro-raoemic  acid  is  nothing  bnt  common  tartaric  acid.  A 
mixture  of  equal  parts  of  the  two  acids  has  no  longer  the  slightest  effect  on 
polariied  light,  and  exhibits  in  every  respect  Ibe  deportment  of  racemic  acid. 

At  B  later  period  M.  Pasteur,  in  continuing  his  beaatiful  TCBesrcbes,  has 
made  the  important  discovery  that  racemic  acid  may  be  artificially  produced 
by  the  action  of  heal  upon  certain  compounds  of  tartaric  acid  which  are 
capable  of  resisting  a  high  tcmperatnre.  If  tartrate  of  cincbnnine  (see  fur- 
ther on.  the  article  on  cinchonine  in  the  section  of  the  Organic  Bases)  or  tar- 
tario  etber  be  exposed  to  a  temperature  of  about  388°  |170°C),  and  the  pro- 
duct thus  formed  be  repeatedly  boiled  with  water,  a  solution  is  obtained,  which 
jields  wben  mixed,  after  cooiing,  with  an  excess  of  chloride  of  oalGinm,  a  con- 
udarable  precipitate  of  racemate  of  lime.  Compounds  of  leTO-cocemic  acid, 
when  submitted  to  the  action  of  beat,  likewise  furnish  racemic  acid.  The  for- 
mntion  of  racemic  acid  in  these  reactions  is  accompanied  by  tbe  production  of 
a  fourth  modification  of  tartaric  acid,  which  M.  Paatenr  calls  inactive  tartaric 
acid.  Lihe  racemio  acid  it  has  no  action  oii  polariied  light,  but  cannot,  Ulce 
the  tatter,  be  resolved  into  levo-  and  deitrn-racemic  acids. 

Cinuo  ACID.  — Citric  acid  is  obtained  in  large  quantity  from  Ibe  juice  of 
lemoDa:  it  is  found  in  many  other  fruits,  as  in  gooseberries,  ci  °"    '~ 
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oanjanaUon  with  snoUier  acid,  tbe  mslio.     Iq  the  prep&ratiDQ  of  this  M 
tho  juice  is  allowcJ  to  feniieiit  a  fhotl  lime,  in  order  thnt  nmcilage  ftnd  ot 
impurities  may  aepariite  and  aubaide :  the  clear  liquor  ie  then  oBrafuUj- » 
rated  viib  chalk,  which  forms,  with  the  citrio  acid,  an  inaohible  componn 
Thia  is  thDroughly  washed,  decomposed  by  the  proper  qunntity  of  exlpbidf 
Mid.  diluted  with  water,  and  the  filtered  aalntina  evapnTalcd  to  a  small  bull 
and  left  tn  cr;stalliie.     The  product  is  drained  from  the  mother-liquor, 
disBoWed,  digested  with  animal  charcoal,  and  again  concentrated  to  the  cr 
liiing-point.   Citric  acid  forma  oolorlens,  prismatic  crjBlala,  which  hav 
and  agreeably  acid  taste  ;  they  dissolTe  irilh  (treat  ease,  in  both  hot . 
wat«r ;  the  aolntioD  atranglj  reddens  litmus,  and  when  long  kept,  is  subjost 
■pontaneous  change. 

Citric  acid  is  tribasie ;  its  formula  io  the  gentlj-dried  and  anhydro 
salt  is  CnH,0„.     The  hydrated  acid  crystallizea  nilh  two  dilfer^nt  a 
of  water,  asauming  too  different  forms.     The  eryatala,  which  separate  ti 
■ponlaoeoos   evaporation  from  a  cold  saturated  solntioD,  contain  C^fii 
SHO-f  2H0,  thelastbeing  water  of  oryatalliiBtion;  while,  on  the  other  baM 
tboae  which  are  depoaited  from  a  hot  solution  contain  hut  4  equiTaleats  a 

water  altogether,  three  of  which  are  basic.   Citric  add  is  entirely  di 

Vben  heated  with  salpharic  and  nitric  acids ;  the  latter  conTerta  it  inco  oi 
acid.   Caustic  polaasa,  at  a  high  teoiperature,  resolves  it  into  acetic  and  oi 
kcids.i    When  subjected  to  the  action  of  chlorine,  the  alkaline  citratM  yi«M 
among  other  products,  chloroform. 

The  citrates  are  Tery  numerous,  the  acid  forming,  like  ordinary  p: 
acid,  three  classes  of  sall3,  which  contain  reapectiTely  3  eq.   of  a  met 
oxide ;  2  eq,  of  oiide,  and  1  eq.  of  basic  water ;  arid  1  eq.  oxide  and  2  eq.  b 
water,  besides  true  basic  salts,  in  which  tbe  water  of  crystaUiuitloD  is  pwl 
replaced  by  a  metallic  oxide. 

Tbe  citrates  of  the  aikalirt  are  soluble  and  crystallianble  with  greater  or 
bioility ;  those  of  baryta,  ttTontia,  lime,  Itad,  and  nilrer  are  insoluble. 

Cilrio  acid  resembles  tartaric  acid  in  its  relations  to  sesquioxido  of  iron 
prevents  the  precipitation  of  that  substance  by  excess  of  ammonih 
oitral«,  obtained  by  dissolving  the  hydrated  sesquioxide  in  solution  of  (dlrit 
aoid,  dries  up  to  a  pale-hrown,  trnnsparent,  amorphous  mass,  which  is  Mt 
very  soluble  in  water;  an  addition  of  ammonia  increasoa  the  solutnlitj* 
Citrate  and  ammonioM:itrate  of  iron  are  elegant  medicinal  preparations.  TiilC 
little  is  known  respecting  the  composition  of  these  curious  compoonds;  ttt 
kbsence  of  crystallisation  ia  a  great  bar  to  inquiry. 

Citric  acid  ia  somelimes  adulterated  with  tartaric :  the  fraud  is  easily  dl 
teeted  by  dissolring  the  acid  in  a  little  cold  water,  and  adding  to  the  so'   ' 
a  small  quantity  of  acetate  of  potassa.     If  tartaric  acid  bo  present,  a 
eryetalline  precipitate  of  cream  of  tartar  will  bo  produced  on  agitaUon, 

AcONlTic,  OR  EQi'lsETio  AoiD.  —  When  cryatalliied  citric  acid  is  heated  ill 
retort  until  it  begins  to  become  colored,  and  to  undergo  di 
the  fused,  glassy  product,  after  cooling,  dissolved  in  water,  ai 
differing  completely  Id  properties  from  citric  acid,  bnt  identical  with  as  V 
eiliBcted  from  the  Aconitum  napiUui  and  the  E^iietum  fiu^ 
uid  forms  a  white,  confusedly-crystalline  mass,  permanent 
rery  soluble  in  water,  alcohol,  and  ether:  the  solution  has  an  acid  and  astii 

Snt  taste.    The  saita  of  aconitio  acid  poaseaa  but  little  interest;  that  of  ii 
rms  an  insoluble  gelatinous  mass;   aeonitale  qf  limt,  which  hai  a  cei 
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JegrOB  of  solabUily,  is  found  abmidnntl;  in  the  DxprociGcd  juice  of  the  monki- 
hood,  and  aeonilali  of  magnaia  in  that  of  the  egadelvm. 

Hjdnted  acDiiitic  acid  cDuIiLins  C„H,0,g.2H0 :  it  in  formed  in  the  nrtificin! 
procesB  aboie  described,  b;  the  elimicntioa  of  2  eq.  of  water  frniD  1  cq,  nf 
hjdrnted  oili'io  aoid,  C^HjOy.  There  are,  however,  invaiiably  many  Hecondnry 
prodnota  formed,  snch  ae  ucetone,  carbonio  oxide,  and  carbonic  ncid.  The 
lurlher  notion  of  heat  upon  aoonitio  acid  ^yes  rise  lo  several  new  acida,  cape- 
ciailly  ah-aeaait  and  ilaconic  acids,  both  expressed  by  the  fonnuln  C^if,0^.2}lO. 
The  limits  of  tliia  elementary  work  will  not  permit  us  to  enter  into  n  descrip- 
doii  of  ttieae  further  prednols  of  decomposition. 

Mauc  acid. — This  ia  the  acid  of  apples,  pears,  and  Tarious  other  fmita :  it 
is  often  aaiooiated,  as  already  obaened,  with  citric  aoid.  An  excellent  process 
for  prepariog  the  acid  in  qaestion  ia  that  of  Mr.  Everitt,  who  has  demonstmted 
its  existence,  in  great  quantity,  in  the  juice  of  tiie  eommou  garden  rhubarb; 
it  is  there  accompanied  by  acid  oxalate  of  potassa.  The  rhubarb  stalks  are 
peeled,  and  ground  or  grated  to  pulp,  which  is  subjected  to  pressure.  The 
jnioe  is  heated  to  the  boiling-point,  nentraliied  witli  carbonate  of  potassn,  and 
mixed  with  acetate  of  lime;  insoluble  oxalate  of  lime  falls,  which  ia  removed 
by  GUralioQ.  To  the  clear  and  nearly  colorless  liquid,  solution  of  acetate  of 
lead  is  added  as  long  us  a  precipitate  continncs  to  be  produoed.  The  malate 
of  lead  is  collected  on  a  Alter,  washed,  diffused  tlirough  water,  and  decomposed 
bj  salphuretted  hydrogen.'  The  filtered  liquid  is  carefully  evaporated  to  the 
ooDsiBtenee  of  Hyrup,  and  left  in  a  dry  atmosphere  until  it  becomes  converted 
into  a  solid  and  somewhat  crystalline  mass  of  malic  acid  :  regular  crystals  have 
nol  been  obtained.  From  the  berries  of  the  mou[itain-ash  (Soi-iui  auaiparia), 
in  which  malic  add  is  likewise  preseot  in  considerable  quantity,  especially  at 
tile  time  they  commeoce  to  ripen,  the  acid  maybe  prepared  by  the  same  process. 
Malic  Bcid  is  bibnsic,  its  formula  being  CgH^(X,2H0;  it  forms  a  variety  of 
Bolta,  fame  of  wbich  are  neutral,  others  acid.  Id  the  presenoe  of  fermenting 
Bubstances,  especially  of  putrefying  casein,  it  is  itself  decomposed,  yielding 
carbonic  aoid. 

:   2(C8H,0,,2HO)   +   C^I^0t£2-+   *^^i  +   -"*' 
Acetic  acid. 

Somedmes  also  butyric  acid  and  hydrogen  are  observed  among  the  products 
of  this  decomposition.  Malic  acid  is  odorless,  slightly  deliquescent,  and  very 
soluble  in  water;  alcohol  also  dissolves  it.  The  aqueous  solution  has  an  agreeably 
add  taste;  it  becomes  mouldy,  and  spoils  by  keeping.  The  most  characteristie 
of  the  malates  are  the  oetrf  malate  of  ammoBia,  NH^0,HO,C,H^0^  which  crys- 
tallizes remarkably  well,  and  the  malate  of  lead,  whtcb  is  insoluble  in  pure 
water,  bat  dissolves,  to  a  considerable  extent,  in  warm  dilate  acid,  and  sepa- 
rates, on  cooling,  in  brilliant,  silvery  crystals,  which  contain  water.  Tho  acid 
may,  by  this  feature,  be  distinguished.  The  aeid  malate  of  lime,  CaO,HO, 
C,H,0,+  6H0,  is  also  a  very  beautiful  salt,  freely  soluble  in  warm  water.  It 
is  prepared  by  dissolving  the  sparingly  soluble  neutral  malate  of  lime  in  hot 
dilute  nitric  acid,  and  leaving  the  solution  to  cool. 

The  researches  of  M.  Piria  have  established  a  moat  intimate  relation  between 

malic  acid  and  two  substances  —  aaparagin  and  aspartic  acid,  which  will  he 

described  in  one  of  the  succeeding  sections-   These  compounda  may  be  viewed 

M  nialamide  and  malamic  acid,  analogous  to  oxamide  and  oxamic  add. 

Oxalic  acid»     .  CjOj.ailO  Malic  aoid     .  C,H,0b,2[I0 

I  If  the  Bdi  ba  MiJoLred  pnre,  dDr..talliied  malnU  of  Inil  moot  be  BSfd,  tbo  trMhLj.pnl- 
dpIUIad  Bit  Iniarinblj  cuprjlns  [town  a  quantity  otlime,  whloh  cannot  ba  ramored  b/  Bimpli 
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\  C,O^2NH40  { 


Nentrnl  in«1nCe 
of  I 


/Hull 


I 


Kentral  oxnlste 

of  It 
Oiamide  .         .     C4njN,0, 
BinouUte  of     Ij,^   IIONHO        /  BimnUle 
Oiamicael'  C,H,NO,.HO  /  MftUmie 

HilhoHo  □eithn'  a^pnriiBiii  nor  aapartie  aold  hn^   beon  actualtf 
from  mnlic  noid.     On  the  contrary ,  these  sabetnnces  are  converted  iiilfa  ll* 
greHtBHt  fauilitjr  into  malic  acid.     On  poseing;  n  current  of  uitrons  aoid  ii 
Botation  of  oaporagin  or  aspnrtio  acid,  pure  nitrogen  is  evolved,  IOdUi 
being  liberated. 


"';}Cj!l,0,HO.NH,ft' 

'I'j  |c,H4N0t,H0 


2N0, 


CjH.Oj.sno     +     aRo     + 

Mnlic  acid. 
■If  mfilio  iioid  be  lieated  in  a  amall  rehtt 


FnMAaio  unit  Maleic  actdb,  —  If  mnlio  acid 
nearly  filled,  it  mells.  emits  water,  and  enters  !□(< 
pnsBos  OTsr.  which  difsolTes  in  the  water  of  the  rt 

enlid,  orystnlline  sonles  mnke  their  appenranae  in  the  boiling  liquid,  and' 
orense  in  qnaotily,  until  the  whole  becomes  solid.  The  proeesg  majnof 
interrupted,  and  the  contents  of  the  retort,  after  cooling,  treated  with  ^ 
water;  unaltered  malic  acid  is  dissolved  out.  and  the  new  Bubfilsnco,  ll»ii 
a  smaller  degree  of  solubility,  ie  loft  behind:  >t  is  called /unanc  acid,  fhiii' 
Identity  with  nn  acid  eitraoted  from  the  common  fumitory. 

Fumaric  acid  fonna  small,  white,  crystalline  laminie,  which  disaolve  ti . 
ia  hoi  water  and  alcohol,  bnt  require  for  that  purpose  about  200  parte  of  M 
water;  it  ta  unchanged  by  hot  nitric  acid.  When  healed  in  a  currant  of 
it  BSblimes,  bnt  in  a  retort  undergoes  decomposition.  This  is  a  phcncmM 
often  observed  in  organic  bodies  of  small  volatility,  Fnmaric  aoid  rarma  h 
which  have  been  examined  by  M.  Rieckher,  and  nn  ether,  which,  by  Ihewl 
of  ammonia,  yields  a  white,  amorphous,  tuBolubte  powder,  culled /amaram^^^^ 
corresponding  ia  properties  and  constitution  with  oiamlde,  Hydrated  fiwnai 
aoid  contains  C,H.0t,2II0;  hence  it  is  iBomeric  with  econitio  acid. 

The  volatile  acid  produced  simultaneously  with  fumaric  aoid  is  called  m\ 
acid;  it  may  be  obtained  in  orystalB  by  evsporaUon  in  a  warm  place,  1 
Tcry  eolable  in  water,  alcohol,  and  ether;  it  has  a  Btrongly-acid  taata  i 
reaction,  and  is  convertible  by  heat  into  fumaric  acid.  Hydrated  raoleisl^ 
contains  C,FIf0g,2H0,  Mnleic  and  fumaric  acids  are  thus  seen  to  have  p 
oisely  the  same  composition ;  they  are  formed  by  the  separation  of  2  eq-.i 
water  from  hydrated  malic  acid, 

Menonta  ACiD.^Thts  acid  is  one  of  the  constituents  of  opium,  from  wit 
It  may  be  extracted  by  water.     The  liquid  thus  obtained,  neutraliied 
powdered  marble  and  precipitated  by  chloride  of  calcium,  furnishes  meaon 
it  lime,  which  is  suspended  in  warm  water  and  treated  with  hydrMhlt 
aoid;  on  cooling,  impure  meconic  acid  crystalllies,  which  may  be  purlfiad' 
repeated  treatment  with   hydrochloric  acid.     The  pore  aoid  oryslalHin' 
mica-like  plates,  easily  anluhle  in  boiling,  diflicuUly  soluble  in  cold  wal 
lolnblelikewiBe  in  alcohol.  Itcontains  0^110, „8H0-f  6Aq.  Thewater 
at  aia"  (li)0°C).     As  the  formula  indicates,  raeeonic  acid  is  a  tribnaio 
the  sails,  for  the  most  part,  coutain  one  or  two  equivalents  of  metallic  ral 
Two  silver  salts  of  meconio  acid  are  known ;  the  one,  3AgO,CMHO„,  ie  yelk 
the  other,   2AgO,HO,C„HO„,  is  white.     With  salts  of  scBquioiidfl  «f  fr 
Meconic  acid  produces  a  deep-red  color. 


VEGETABLE    ACIDS.  455 

.  CouiBMiG  AOID.  —  This  substance  is  a  product  of  decomposition  of  meoonio 
icid.  When  an  aqueous,  or,  better,  a  hydrochloric  solution  of  meconic  acid 
is  boiled,  carbonic  acid  is  evolved,  and  the  solution  now  contains  comenic 
fccid,  which  crystallizes  on  cooling,  being  very  difficultly  soluble  in  cold 
rater.  The  same  acid  may  be  obtained  by  heating  meconic  acid  to  892^ 
[200(>C).  Comenic  acid  contains  0,2^2^8*2^^  t  ^^  ^^  bibasio ;  its  formation  is 
represented  by  the  equation 

C„H,0„  =  CijH^Oio  +  2C0a 

Meconic  acid.  Comenic  acid. 

Ptbocohbnic  acid  is  formed  by  submitting  either  meconic  or  comeJiic  acid 
;o  dry  distillation.  Pyrocomenic  acid  contains  CiQHjO^fHO;  it  is  monobasic. 
[t  arises  from  comenic  acid  by  the  elimination  of  carbonic  acid. 

Ci2H40,o  -  C,oH,Oe  +  2C0j 

Comenic  Pyrocomenic 

acid.  acid. 

'Hyrooomenio  acid  is  a  weak  acid ;  it  is  soluble  in  water  and  alcohol ;  from 
these  solutions  it  crystallizes  in  long  colorless  needles,  which  fuse  at  248^ 
(120*^0),  and  begin  to  sublime  at  the  boiling  point  of  water.  Both  comenic 
and  pyrocomenic  acids  exhibit  the  red  coloration  with  salts  of  sesquioxide  of 
iron. 

The  salts  of  meconic  acid  and  comenic  acid,  together  with  several  deriva- 
^yes  of  these  substances,  have  been  studied  by  Mr.  How,^  but  our  space  will 
not  permit  us  to  describe  these  compounds. 

An  acid  much  resembling  the  meconic  has  been  extracted  from  the  Chelido" 
nium  majus ;  it  is  combined  with  lime,  and  associated  with  malic  and  fumario 
acids.  Chelidonic  acid  is  tribasic,  forming  three  classes  of  salts,  and  a  pyro- 
acid  with  evolution  of  water  and  carbonic  acid  when  exposed  to  a  high  tem- 
perature. It  crystallizes  in  slender  colorless  needles,  of  considerable  solubi- 
lity, containing  C^H0^3HO  +  2HO. 

Kjnig  acid.  —  Kinate  of  lime  is  found  in  the  solution  from  which  the  alka- 
lies of  quinine  bark  have  been  separated  by  hydrate  of  lime,  and  is  easily 
obtained  by  evaporation,  and  purified  by  animal  charcoal.  From  the  lime- 
ealt  the  acid  can  be  extracted  by  decomposing  it  by  diluted  sulphuric  acid. 
The  clear  solution  evaporated  to  a  syrupy  consistence  deposits  large,  distinct 
crystals,  which  resemble  those  of  tartaric  acid.  It  is  soluble  in  2  parts  of 
water,  and  contains  C^fiyfiy^lRO. 

When  kinic  acid  is  heated  with  a  mixture  of  sulphuric  acid  and  binoxide 
of  manganese,  it  furnishes  a  very  volatile  substance  termed  kinone^  the  vapor 
of  which  is  exceedingly  irritating  to  the  eyes.  This  new  body  forms  crystals 
both  by  sablimation  and  by  solution  in  boiling  water ;  it  melts  with  gentle 
heat,  and  crystallizes  on  cooling,  colors  the  skin  permanently  brown,  and 
contains  C|gH404. 

By  destructive  distillation,  kinic  acid  yields  numerous  and  interesting  pro- 
ducts, which  have  been  studied  by  Wohler,  as  benzoic  acid,  carbolic  acid,  sali- 
«ylous  acid,  benzol,  a  tarry  substance  not  examined,  and  a  new  body,  colorless 
AydrokinonSf  which  possesses  very  curious  relations  with  the  kinone  above 
described.  It  forms  colorless  six-sided  prismatic  crystals ;  is  neutral,  desti- 
tute of  taste  and  odor,  fusible,  and  easily  soluble  both  in  water  and  alcohol 
*Vith  care  it  may  be  sublimed  unchanged.     It  contains  C^gUfi^, 

*  Cl)em.  Soc.  Quar.  Jour.,  iv<  page  863. 
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^^^H        Colirleu  hydrokinane  esn  be  eaBily  and  dirMtl}'  produced  (Vom  kinonel 
^^^B    tiie  ■uimitHtion  of  hydrogen,  »B  by  nddition  of  hydriodia 
^^^^    of  the  latter,  when  iodine  is  set  free,  or  by  sntplmroua  ncii 
^^^B    .      An   ioUnaodiate  prodact  of  red,notiDD  is  grrai  hydrokinoae.      Thia  fi  i 
^^^H   toined  by  tbe  inooinplete  nction  of  nnlphuraas  noid  upon  klnone,  or  bjl 
^^^1    aalion  al  aeaquichloride  of  iron,  chlorine,  nitrate  of  silver,  or  chromie  k 
^^^f    apon  cotorlesa  hydrokinone;  or  by  mixing  together  Bolotions  of  kinone  ■ 
^^f    oolorlees  hydrokinaae.     It  fonns  slender  green  crystals  of  the  color  of  1 
winit-case  of  the  rose-beetle,  and  of  the  greiLtest  briUiancj  and  beauty.   It 
fusible,  has  but  little  odor,  and  diesoIieB  freely  in  bailing  nster,  cryslalliiil 
out  on  cooling.      This  subatnuce  contain?  C„HiO^. 

If  kinic  acid  be  submitted  to  distillation  with  an  ordinary  chlorine-TniitiiT 
nn  Boid  liquid  and  a  cryetalliae  auhlimate  are  formed.  The  former  is  a  m 
tion  of  formic  acid,  tbs  latter  a  mixture  of  A  ofalorinetted  componiii 
which  are  ohlorokinone  Cu(H^l)Ot,  bichlorokinone  C,,( H,Cli)0.,  triehhird 
none  C|,(HC1,)0<.  and  telraohlorokinooB  C-Cl.Oj.  They  are  all  yeHoT  rt 
stnlUne  aubatanoes,  irbicli  can  be  sepa rated  only  irith  great  difficulty.    ' 

kinono  itself,  they  possess  the  faculty  of  combioing  with  1  or  2  eq.  of  b^ 

gen,  pToducing  2  neriea  of  aubatnnces  analogous  to  green  and  colorless  hjiln 
~ I  by  the  name  chloranilt,  l'---^ 


I 


kitione.      Tetrachlorokiaone,   better  knc 

oeourH  among  the  products  of  decomposition  of  indigo. 

Other  proiiucta  were  obtained  b;  the  action  of 
strong  hydrochloric  acid  npon  kinone,  which  p 
preceding. 

Tannic  and  qaluo  arids. — These 
tor  is  much  less  strongly  marked  thai 
tote  the  astringent  principles  of  plants,  and  a: 
or  other,  through  the  vegetable  kingdom.     It 


substanaes  in  which  the  atud  el 
.  the  nroceding  bodies;  theyc 
1  widely  diffused,  in  one 
i  passible  that  there  mty' 


example,  is  found  to  preci; 


e  that  from  tl 


infusio] 


of  I 


I    of   kino  and  cohcAa,    are    remnrkable  for  giiing, 

is,  precipitates  which  bate  a  tint  at  gn 
The  color  of  a  precipitate  is,  however,  too  much  inflnennd, 
external  causes  to  be  relied  upon  as  a  proof  of  esoential  diffeND 
ijnfortunately,  the  tannic  acid  or  acids  refuse  to  orystAfliM;  ( 
"aiost  caluoble  test  of  indiiidunllty  is  therefore  lost. 

After  thereaction  with  salts  of  snaqnioiide  of  iron,  the  most  d 
racteristic  feature  of  tnnnic  acid  and  the  other  astringent  infooi 
referred  to,  is  that  of  forming  insoluble  compounds  witb  a  gP 
variety  of  organic,  and  especially  animal  substances,  as  solndl 
of  starch  and  gelatin,  solid  muscular  fibre  and  shin,  &c.,  wb 
then  acquire  the  property  of  resisting  pntrefaction  :  it  is  on  I 
principle  that  leather  is  manufactured.  Qallio  acid,  on  the  o 
trary,  is  useless  in  the  operation  of  tanning. 

Tannic  Add  of  the  Oak.  —  This  substance  may  be  prepar*£ 
the  elegant  method  of  M.  Peloiize,  from  nut-galls,  which  are  i 
orescences  produced  on  the  leaves  of  a  species  of  oak,  the  Qn 
cm  iv/cctoHa,  by  the  puncture  of  an  insect.  A  glass  vessel,  han 
somewhat  the  figure  of  that  represented  in  the  mnrgin,  is  loo 
stopped  at  its  lower  extremity  by  a  bit  of  cotton  wool,  and  1 
or  two-thirds  filled  with  powdered  Aleppo-galls.  Ether,  prepi 
in  the  usual  manner  by  rectification,  and  containiug.  as  it  i> 
riably  docs,  a  little  water,  is  then  poored  upon  the  powder, 
l)ie  lessel  loosely  stopped.     The  hquld,  which  after  soma  t 
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oolleots  in  the  reeeiver  below,  consists  of  two  distinct  strata :  the  lower,  which 
is  fthnost  colorless,  is  a  very  strong  solution  of  nearly  pure  tannic  acid 
in  water ;  the  upper  consists  of  ether  holding  in  sohition  gallic  acid,  coloring 
matter,  and  other  impurities.  The  carefully-separated  heavy  liquid  is  placed 
to  eTaporate  over  a  surface  of  oil  of  vitriol  in  the  vacuum  of  the  air-pump. 
Tannic  acid,  or  iannirif  thus  obtained,  forms  a  slightly-yellowish,  friable, 
porous  mass,  without  the  slightest  tendency  to  crystallization.  It  is  very 
soluble  in  water,  less  so  in  alcohol,  and  very  slightly  soluble  in  ether.  It 
reddens  litmus,  and  possesses  a  pure  astringent  taste  without  bitterness. 

A  strong  solution  of  this  substance  mixed  with  mineral  acids  gives  rise  to 
precipitates,  which  consist  of  combinations  of  the  tannic  acid  with  the  acids 
in  question:  the  compounds  are  freely  soluble  in  pure  water,  but  scarcely  so 
in  acid  solutions.  Tannic  acid  precipitates  albumin,  gelatin,  salts  of  the 
▼egeto-alkalies,  and  several  other  substances;  it  forms  soluble  compounds 
with  the  alkalies,  which,  if  excess  of  base  be  present,  rapidly  attract  oxygen, 
and  become  brown  by  destruction  of  the  acid ;  the  tannates  of  baryta^  Btrontia, 
and  lime  are  sparingly  soluble,  and  those  of  the  oxides  of  had  and  antimony 
insoluble.  Salts  of  protoxide  of  iron  are  unchanged  by  solution  of  tannic 
acid ;  salts  of  the  sesquioxide,  on  the  contrary,  give  with  it  a  deep  bluish- 
black  precipitate,  which  is  the  basis  of  writing-ink ;  hence  the  value  of  an 
infusion  of  tincture  of  nut-galls  as  a  test  for  the  presence  of  that  metal.  The 
action  of  acids  upon  tannic  acid  gives  rise  to  the  formation  of  gallic  acid, 
which  will  be  presently  described,  with  simultaneous  separation  of  grape- 
sugar.     Hence  tannic  acid  would  appear  to  be  a  conjugated  sugar-compound. 

Tannic  acid,  carefully  dried,  contains  Cj^HjjOji,  or  €5411,503,+ 8 HO.* 

Tannic  acid,  closely  resembling  that  obtained  from  galls,  may  be  extracted 
by  cold  water  from  catechu ;  hot  water  dissolves  out  a  substance  having  feebly 
acid  properties,  termed  catechin.  This  latter  compound,  when  pure,  crystal- 
Hies  in  fine  colorless  needles,  which  melt  when  heated,  and  dissolve  very  freely 
in  boiling  water,  but  scarcely  at  all  in  the  cold.  Catechin  dissolves  also  in 
hot  alcohol  and  ether.  The  aqueous  solution  acquires  a  red  tint  by  exposure 
to  air,  and  precipitates  acetate  of  lead  and  corrosive  sublimate  white,  reduces 
nitrate  of  silver  on  the  addition  of  ammonia,  but  fails  to  form  insoluble  com- 
pounds with  gelatin,  starch,  and  the  vegeto-alkalies.  It  strikes  a  deep-green 
color  with  the  salts  of  sesquioxide  of  iron.  This  body  is  said  to  be  conver- 
tible by  heat  into  tannic  acid. 

The  formulsB  which  have  been  assigned  to  catechin  are  C,gHgOg,  C,4HgOg, 
and  C^Uifi^ 

Japonic  and  nibic  acids  are  formed  by  the  action  of  alkali  in  excess  upon 
catechin ;  the  first  in  the  caustic  condition,  and  the  second  when  in  the  state 
of  carbonate. .  Japonic  acid  is  a  black  and  nearly  insoluble  substance,  soluble 
in  alkalies  and  precipitated  by  acids,  containing  C^H^O^, HO;  it  is  perhaps 
identical  with  a  black  substance  of  acid  properties,  formed  by  M.  P^ligot  by 
heating  grape-sugar  with  hydrate  of  baryta.  Rubic  acid  has  been  but  little 
studied ;  it  is  said  to  form  red  insoluble  compounds  with  the  earths  and  cer- 
tain oxides  of  the  metals. 

Several  acids  closely  allied  to  tannic  acid  have  been  found  in  co£fee  and 
Paraguay  tea. 

Gallic  acid.  —  Gallic  acid  is  not  nearly  so  abundant  as  tannic  acid;  it  is 
produced  by  an  alteration  of  the  latter.     A  solution  of  tannic  acid  in  water 

*  The  formula,  CMH3a08«,  seems  now  established  beyond  a  doubt.  M.  Strecker,  who  has  ob> 
■erred  the  formation  of  sugar  from  tannic  acid,  represents  the  change  nf  tannic  acid  under 
the  influenee  of  aeids  by  the  equation 

2GMHsiOM-h20HO  =  6Ci4U60io  +  Ca4H9BOa8 


Zannk  add.  Gallic  acid.  Qrape-sngax 
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Ihe  air,  c;riidus11f  Rbeorbn  oTygtn.  and  depoBila  er7ata1i  of  p 
ftci'il,  romieil  b;  tlic  destraction  of  the  tannic  acid.  Tlie  sintpleBt  metiiod  i 
preparing  tliin  acid  in  qflantity  is  to  laka  powdered  nut-galla,  whicli.  w" 
fl«9h  and  of  good  qualitj,  oonlnin  80  or  40  per  cent,  of  (annic  acid,  i 
■oarcely  more  tlian  a  trace  of  gallic,  lo  tnii  this  powder  with  wntpr  (o  a  1 
pBete,  lUid  Id  expnae  the  mixture  to  the  air  in  h  narm  eituation  far  the  apitri 
0>  two  or  tliree  monthe.  adding  water  froni  time  lo  time  to  replac 
by  drying  up.  The  inoQ.dj,  dark-colored  maBS  produced  may  then 
preaacd  in  a  cloth,  and  the  aulid  portion  boiled  in  a  considerable  quantity  «l 
water.  The  filiored  aoluiion  deposits  on  cooling  abundance  of  gallic  lO^ 
which  may  be  drained  and  pressed,  and  finally  purified  by  recryElalliiallM.1 
It  forms  small,  feather;,  and  nearly  colorless  crystals,  which  have  a  beaulihl^ 
mlky  luatre;  it  requires  for  solution  100  parts  of  cold  and  only  3  parts  rf 
boiling  water;  the  solution  has  an  acid  and  astringent  taste,  and  is  graduityi 
decomposed  by  keeping.  Gallic  acid  does  not  precipilato  gelatin;  wiUi  *" 
of  protoxide  of  iron  no  change  is  produced,  but  with  Ihose  of  the  aesquli 
a  deep  bluish-black  precipitate  falla,  which  disappears  when  the  liquid  itl 
heated,  from  the  reduction  of  the  seeqnioxide  to  the  protoiide  at  the  exptm* 
of  the  gallio  acid. 

The  salta  of  gallic  aoid  present  but  little  interest;  those  of  the  alkalies u 
soluble,  and  readily  destroyed  by  oxidation  in  presence  of  excess  of  base,  ti 
Bolation  acquiring  after  some  time  a  nearly  black  color ;  the  gallatei  of  mill 
of  the  other  melallio  oxides  are  insoluble.  j 

Qallic  acid,  dried  at  2)2°  (100°C),  contains  C,H0r2H0;  lh«  erjtoi 
contain  an  additional  eqniTulenl  of  water. 

The  insoluble  residue  of  woody  fibre  and  other  matters  from  which  tk 
gallic  acid  has  be^n  withdrawn  by  boiling  water,  contains  a  small  qnantityal 
aoother  acid  Eubstance,  which  may  be  extracted  by  an  alkali,  and  aftcrwardi 
precipitated  by  an  addition  of  hydrochloric  acid,  as  a  grayish,  insolublt 
powder.  It  contains  C,H,0(,  when  dried  at  248'"  (120=C).  or  galUc  tM 
nimu  1  eq.  of  wal«r.  The  term  ellagie  acid  is  given  to  this  substonoe.  " 
Felouxe  onoe  observed  its  conversion  into  ordinary  gallic  acid. 

The  conversion  of  tannic  into  gallic  acid  by  oxidation  is  accompanied  bylk 
disengagement  of  carbonic  acid,  the  volume  of  which  equals  that  of  the  oiygel: 
absorbed ;  the  oxidizing  action  must  therefore  be  confined  to  the  carbon,  tl  ' 
maj  perhaps  be  thus  represented :  — 


ie  acid  Ci,H,gO„ 


C„H„0„ 


t    Beq. 

=  J    4eq. 

l]2eq. 


6  eq.  gnlUa  acid      C„H^m 
water  H,0, 

carbonic  acid  C«      0^ 

sntly  destroyed,  in  ail  probability  on 
im  when  exposed  to  hea 


Much  of  the  gallio  acid  is  subseqi 
ipt  of  that  first  produced  escaping. 

The  changes  which  gallic  acid  suf , , ...j  — 

:Bting.     Heated  in  a  retort  by  means  of  an  oil-bath,  the  temperalnre  rf 

which  is  steadily  maintained  at  420"  (216''C),  or  thereabouts,  it  is  resol   * 

carbonic  acid,  and  a  new  acid  which  snbiimee  into  the  neck  of  the  te 

rilliant,  crystalline  plates,  of  the  most  perfect  whiteness:  an  ingigniBt 

lue  of  black  matter  remains  behind.     The  term  pyrogaiUc  atitl  is  ^vei 

the  volatile  product.     It  dissolves  with   facility  in  water,   but    the   solel 

cannot  be  evaporated  without  blackening  nnd  deonropoaition  :  it  oomraunio 

blackish-blue  color  to  saHs  of^ho  protoxide  of  iron,  and  reduces  thoM 

the  aesquioxide  )o  the  stute  of  protoxide.      An  alkaline  solution  of  thii  i 

absorbs  a  very  cen^idenible  quantity  of  oxygen,  and  has  been  employed  • 

great  odrautiige   by  Professor   Liebig  for  the  purpose   of  duterminiuf 
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amount  of  oxygen  in  atmospheric  air.  (See  page  188.)  The  acid  characters 
9i  this  substance  are  very  indistinct.     Pyrogallic  acid  contains  CgHjO^ 

When  dry  gallic  acid  is  suddenly  heated  to  480°  (249°C),  or  above,  it  is 
decomposed  into  carbonic  acid,  water,  and  a  second  new  acid,  the  metagallie, 
which  remains  in  the  retort  as  a  black,  shining  mass,  resembling  charcoal : 
ft  few  crystals  of  pyrogallic  acid  are  formed  at  the  same  time.  Metagallio 
acid  is  insoluble  in  water,  but  dissolves  in  alkalies,  and  is  again  precipitated 
as  a  black  powder  by  the  addition  of  an  acid.  It  combines  with  the  oxides 
of  lead  and  sUyer,  and  is  composed  of  Cfifi^  Pyrogallic  acid,  also,  exposed 
to  the  requisite  temperature,  yields  metagallic  acid,  with  separation  of  water. 

These  changes-  iidmit  of  simple  explanation. 

C^HjOj        =        CeHjOs        +        CO, 

Dry  gallic  acid.      Pyrogallic  acid. 

CjHjO,        =r        CgHjOa        +        HO 

Pyrogallic  acid.      Metagallic  acid.     ^ 

These  phenomena  present  admirable  illustrations  of  the  production  of 
pjrogen-acids  by  the  agency  of  heat. 

Tannic  acid,  under  similar  circumstances,  furnishes  the  same  products  as 
gallio  acid.  Dr.  Stenhouse  has  shown  that  pyrogallic  acid  may  be  procured 
in  considerable  quantity  by  carefully  heating  the  dried  aqueous  extract  of 
gaD*nut8  in  Dr.  Mohr's  subliming  apparatus,  ahready  described. 


OVANOaEN, 


AZOTIZPD  ORGANIC  PRINCIPI^S  OF   SIMPLE  CONSTITUTION. 


Ctakoqen  '  rorma  the  most  perfect  type  of  a  qnoBi-iiimple  BsIl-rBdiciJ  Dili 
obeniialr;  preHcntB,  u  kaiudf I  does  of  lh<>  biiBjla  cIbbs  \  it  is  intereB&ig  ili ' 
from  being  Ihe  first-discoiered  body  of  Ihe  kind. 

Cyanogen  mn;  be  pr^nred  iritb  the  utmost  case  by  heating  in  ■  sni 
retort  of  hard  glass  the  salt  called  cyanide  ofmeraay,  prelionsl;  redoeed  I 
powder,  aud  well  dried.  The  cyaniile  undergoes  decompoeition,  like  Ihi 
cxide  Dtider  similar  circumstances,  yielding  metallic  meroury,  a  amall  qnitntit 
of  ■  brown  substance  of  which  mention  will  again  be  made,  and  oyanogi 
ilBelf,  a  eDlorless,  permanent  gas.  which  must  be  collected  over  mercury. 
baa  a  pongenl  and  yerj  pecnliar  odor,  remotely  resembling  that  of  peaot 
keroela,  or  bydrocyanio  acid :  exposed  while  at  the  temperature  of  46°  (ToT**^ 
to  a  pressure  of  S'6  atmospheres,  it  condenses  to  a  thin,  aolurless,  transptn 
liquid.  Cyanogen  is  inSammable;  it  bams  with  a  beantifal  purple,  or  peuk-' 
blOESom-coIored  Same,  generating  carbonic  acid  and  liberating  nitrogen.  Tkl 
BpeoiGe  gravity  of  this  gas  !b  I'SOG;  it  ie  campoEed  of  carbon  and  mtrogeDlQ 
the  proportion  of  2  equivalents  of  the  former  l«  1  equivalent  of  the  latter,  of 
C^  :  this  is  easily  proved  by  mixing  it  with  twice  its  measure  of  pure  oiygeii 
and  firing  the  mixture  in  the  eudiometer;  carbonic  acid  is  formed  equal  ll 
volnoie  to  the  oiygen  employed,  and  a  volume  of  nitrogen  equal  to  dal  d 
the  cyauogeQ  is  set  free.  Cyanogen,  in  its  capacity  of  quaBi-elemanC,  I 
designated  by  the  symbol  Cy.  Water  diasolvoB  4  or  6  times  its  Tolane  q 
oyanogen-gae,  and  alcohol  a  mach  larger  quantity;  the  solutioD  rapiu 
decomposes,  yielding  oxalate  of  ammonia  C,N  -}•  41J0  —  NU,0,C,Oy  bi 
insoluble  matter,  and  other  products. 

Pabactamogeh. — This  is  the  broira  or  blackish  suhstanoe  above  referred  tli 
wbicb  is  always  formed  in  small  quantity  when  cyanogen  ia  prcppjed  bj 
ing   the    cyanide  of   mercury,  and  probably,   also,  by  the  decomposiSon  g 

solutions  of  cyanogen  and  of  hydrocyanic  acid.     It  is  insolahle  ii  ~"' 

I    kleobol,  is  dissipated  by  a  very  high  temperature,  and  contwns,  ■ 
I    Professor  Johnson,  carbon  and  nitrogen  in  tbe  same  proportions  aai: 

Ctahidb  df  hydboqen  ;  HTiiKooTANia  or  PKcsBic  ACJD.  HCy.  —  this  ia7 
important  compound,  so  remarkable  for  its  poisonous  properties,  was  di* 
covered  as  early  as  1782  by  Schcele.  It  may  be  prepared  in  a  slata  of  parity, 
itnd  anhydrous,  by  the  following  process:  — A  long  glass  tube,  ftDed  with  di)' 
cyanide  of  meronry,  is  conneclwi  by  one  exireuiitj  with  an  arrangement  fit  F 
famishing  dry  sulphuretted  hydrogen  gas,  while  a  narrow  tube  Bttached  U 
the  other  end  is  made  to  pass  into  a  narrow-neoked  phial  plunged  it '  ' 
fyeeiiiig-uiixture.  Qentle  heat  is  applied  to  the  tube,  the  contents  of 
suffer  decampasilion  in  contact  with  the  gas,  sulphide  of  mercury  and  cj 
of  hydrogen  being  produced;  th^alter  is  condensed  in  tbe  receiver 
"     ' '  "  '  '""      ""  ifmercurysl      "'     '  " 
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n  of  the  produet  by  snlphurotied  hydrogen.     The  pi 
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loid  is  &  thin,  calorless.  and  eieeedingly  Tolntile  liquid,  vhich  hits  A  deneilr^ 
of  0-7058  M  45"  (Yo-eC),  boils  al  79=  {'IG'-IC),  Find  solidifies  whon  oooled  to 
0°  ( —  17''-8C) ;  its  odor  is  Tery  powerful,  and  moat  chirnclpristic,  mneh 
reaembliog  that  of  penBb-bloasonifl  or  bitter-Hlmond  oil ;  it  lina  a  very 
feeble  acid  reaction,  and  mixes  with  water  anil  alcohol  in  nil  proporliana.  In 
the  anhydrou9  state  tbis  eubstanee  oonstitutea  one  of  the  moat  formidable 
poisons  known,  nnd  even  when  liLrgaly  ditnted  with  water,  its  etfecta  upon  the 
nnimal  system  are  exceedingly  energetic;  it  ia  employed,  however,  in  medi- 
cine, in  very  small  doses.  The  inbalation  of  the  vapor  should  be  carefully 
avoided  in  all  experiments  in  which  hjdrooyauic  aciil  is  concerned,  as  it  pro- 
dnceB  headache,  giddinesa,  and  other  diaagreeable  ayniptoms :  ammonia  and 
chlorine  are  the  best  antidotes. 

The  acid  in  its  pure  form  can  scarcely  he  preserved  :  even  whon  enolosed 
in  a  carefully-stopped  bottle  it  is  obaerved  after  a,  *ery  short  time  to  darken, 
and  eventually  to  deposit  a  black  suhatanae  containing  carbon,  nitrogen,  and 
perhaps  hydrogen;  ammonia  is  formed  nt  the  same  time,  and  many  other 
prodacts.  Light  favors  this  decomposition.  Even  in  a  dilute  condition  it  is 
apt  to  deoampose,  becoming  brown  and  turbid,  but  not  alwnys  with  the  same 
facility;  some  samples  rcsiating  ohange  for  a  great  length  of  time,  and  then 
Buddenly  solidifying  to  a  brown,  paaly  moss  in  a  few  weeks. 

Wben  hydrocyanic  acid  is  mixed  with  concentrated  mineral  acids,  hydro- 
ohloric  for  example,  the  whole  solidifies  to  a  cryatalliue  paste  of  sal-ammoniao 
and  hydrated  formic  neid;  a  renolion  which  is  explained  in  a  very  simple 
manner,  1  eq.  of  hydrocyanio  acid  and  4  eq.  of  water,  yielding  I  eq.  of  ammo- 
nia Bod  1  eq.  at  formic  acid. 

CjNH  -f-  leo  =  NH,  +  C,nOj.HO. 

On  the  other  hand,  when  dry  formate  of  ammonia  ia  beatcd  to  392°  (20D°C), 
It  is  almost  entirely  converted  into  hydrocyanic  acid  and  water. 
h4H0. 


NR,0,CjHO,=  C^,HH 
LS  BolatioD  of  hydrocyanio  acid  may  bo  made  by  various  means.  The 
nioBi  eaonomical,  and  by  far  the  best,  where  considerable  quantities  ara 
wanted,  is  to  decompose  at  a  boiling-hoat  the  yellow  ferrocyanide  of  potaa- 
siiUD  by  diluted  sulphuric  acid.  For  example,  600  grains  of  the  powdered 
ferrocyaaide  may  be  dlsaolved  in  four  or  five  ounces  of  warm  water,  and  in- 
troduced into  a  capacious  floak  or  glohe,  capable  of  being  connected  by  a 
perforated  cork  and  wide  bent  tube  with  a  Liebig'e  condeoser  well  supplied 
with  cold  water;  300  grains  of  oil  of  vilriol  are  diluted  with  three  or  four 
times  as  much  water  and  added  to  the  contents  of  the  flask;  disUllation  is 
carried  on  anCil  about  one- half  of  tlie  liquid  has  distilled  over,  after  which  thi 
process  may  be  interrupted.  The  theory  of  this  process  has  been  carefully 
studied  by  Mr.  Everitt ;'  it  is  sufficiently  oompUoated. 
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The  KDhEtitiioe  described  in  the  nbove  dingran  as  wtoluble  ytOow  Mb' 
EDtiiiB  in  the  fiHsk  nfter  the  reacliuii,  ligctli^r  with  the  bisnlpliate  of  potiia 
it  contftinB  Ihe  elements  of  2  eq.  cyaoida  of  iroD,  and  1  eq.  cyanide  of  po( 
Nuni,  but  its  coiiatilutioD  ie  uiikiiuwu.  On  eipoBure  to  tbe  air,  it  tb^ 
bccomei  blue. 

Wben  bydroeyHnlo  ncid  is  wanted  for  the  purpoaeBof  phnnnac;,  it  is  beat 
|>repsTe  n  strong  solution  in  the  mannpr  aboTO  described,  and  then,  haiH 
Hcerlained  iU  eisct  BircaBtL,  to  dilute  it  with  pure  wnter  to  the  Btuidirdl 
thf  PharmacopiEiii,  *ii,.  2  per  ceaL  of  real  anid.  This  eiamination  is  tr 
Disde  by  prceipilating  nilh  exce<^B  of  nilrsle  of  siWer  n  known  weight  oft 
acid  to  be  tried,  collecting  Ihe  insoluble  cyanide  of  silver  upon  ■  anall  SH 
preTiously  vteighed,  vnebing,  drying,  and  lastly  reweighin^  tbe  wbule.  Frt 
tbe  weight  of  the  cyanide  that  of  the  hydrooyanio  acid  can  be  easily  caletilat< 
an  eqaiTBlent  of  the  one  corresponding  to  an  equiTaltnt  of  the  other;  cit 
weight  of  the  cyanide  of  silver  may  be  dlvidEd  by  5,  which  wilt  give  a  dt 
mpproiimation  to  the  troth. 

Another  very  elegant  method  for  determining  the  amount  of  hydrooyB 
Boid  in  a  liijuid  has  been  suggested  by  Prof.  Liebig.  It  is  based  nponf 
property  possessed  by  cyanide  of  potassium  of  diseoWing  a  quanlitj  I 
chloride  of  tilver  sufficient  to  produoe  with  it  a  double  cyanide  conlaU 
equal  equiyalenta  of  cyanide  of  silver  and  of  potnsBium  (KCy.AgCy).  Hw 
a  salutioQ  of  bydrocyania  acid,  which  is  sitpersatn rated  with  potaesR,  K 
mixed  with  a  few  drops  of  solution  of  common  salt,  will  ddI  yield  a  penaul 
precipitate  with  nitrate  of  silver  before  the  whole  of  the  hydraoyanie  Bd4 
converted  into  tbe  above  double  salt.  If  we  know  the  amount  of  silmid 
given  volume  of  the  nitrate  solulinn,  it  is  easy  to  calculate  the  qnantitji 
hydrocyanic  acid,  far  this  quantity  will  stand  to  the  amount  of  silver  in  U 
nitrate  consamed,  as  2  eq.  of  hydrocyanic  aeid  to  1  eq.  of  Bilver,  i,  t, 
106:  54;  :  silver  consumed  :  z. 

It  is  a  common  remark,  that  the  hydrocyanic  acid  made  IVom  ferrooyslil 
of  potassium  keepa  better  than  that  made  by  otlier  means.  The  cause  of  tl 
is  asoribed  to  the  presence  nf  a  trace  of  mineral  ncid.  Mr.  Evcrilt  acluai 
found  that  a  few  drops  of  hydrochloric  acid,  added  to  a  large  bulk  of  the  pn 
dilute  acid,  preserved  it  froni  decompoBition,  while  another  portion,  not 
treated,  became  completely  spoiled. 

A  very  convenient  process  for  the  estemporaneoaa  preparation  of  an  M 
of  definite  strength,  is  to  decompose  a  known  quantity  of  cyanide  of  poll 
sium  by  solution  of  tartaric  acid  ;  100  grains  of  crystalliied  tarlario  acid 
powder,  44  grains  of  cyanide  of  potassium,  and  2  measured  ouneea  of  d 
tilled  water,  Bbaken  up  in  a  phial  for  a  few  seconds,  and  then  left  at  rest)  i 
order  that  tbe  precipitate  may  subside,  will  yield  an  acid  of  very  nearlyl 
required  strength.  A  little  alcohol  may  be  added  to  complete  the  sepanlil 
of  the  cream  of  tartar;  no  filtration  or  other  treatment  need  be  employed.' 

The  production  of  hydrocyanic  acid  from  bitter  almonds  baa  been  alrcU 
mentioned  in  connection  with  the  hiBtory  of  the  volatile  oil.  Bitter  almond 
the  kernels  of  plums  and  peaches,  the  seeds  of  tbe  apple,  the  leaves  of  d 
cherry-laurel,  and  various  other  parte  of  plants  belonging  to  the  great  nM 
ral  order  raiacra.  yield  on  distillation  with  water  a  sweet-smelling  liquid,  M 
taining  hydrocyanic  acid.  This  ie  probably  duo  in  all  cases  to  tbe  deconpn 
lion  of  the  amygdalin,  pre-cxistent  in  the  organic  structure.  The  cbange 
question  is  brought  abont,  in  a  very  singular  manner,  by  the  presence  of 
soluble  azotized  eubstanoe,  called  emvUm  or  lynoputt.  which  forms  a  h»| 
proportion  of  the  white  pulp  of  both  bitter  and  sirect  almonds.  Tbisn 
stance  bears  a  somowbat  similar  relation  to  amygdslin,  that  diastase,  whil 
it  closely  resembles  in  many  particulars,  does  to  starch.  Hydrocyanic  H 
csisis  ready-formed  to  a  considerable  extent  in  the  juice  of  the  bitter 
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Antddalih  is  prepared  with  facilit;  by  the  following  process :  —  The  pngts 
■r  bitter  olmoiLds,  fnim  which  the  fixed  oil  had  been  eipraseeil,  is  eihausCed 
with  boiling  oloohol :  this  coagulates  and  renders  iniiotiye  the  Hjnttptn.se,  while 
kt  (he  same  time  it  dissolves  out  the  imygdalin.  The  aloohalic  liquid  is  dis- 
tilled in  a  water-bath,  by  which  much  o(  the  spirit  is  recovered,  and  the 
ijrupj  residua  diluted  with  wiiter,  mixed  witii  a,  little  yeFUit,  nnd  set  in  a 
warm  place  to  fermeat:  a  portion  of  sugar,  present  in  the  almond,  is  thus 
deatruyed.  The  filtered  liquid  is  then  evaporated  to  a  syrupy  slate  in  a, 
WBter-bath,  and  mixed  with  a,  quantity  of  alcohol,  which  throws  down  (he 
amjgdalin  as  a,  white  crystalline  powder;  the  latter  is  collected  on  a  cloth 
filler,  pressed,  redissolved  in  boiling  alcohol,  and  left  to  cool.  It  separates 'in 
small  crystalline  plates,  of  pearly  whiteness,  whioh  are  incKloraas  and  nearly 
laateless;  it  is  decomposed  by  beat,  leaving  a  bulky  coal,  and  diffusing  tho 
odor  of  the  hawthorn.  In  water,  both  hot  and  cold,  amygdatin  is  very  soluble ; 
%  hot  saturated  solution  deposits,  on  cooling,  brjllidnl  prismatic  crystals, 
which  contain  water.  In  cold  alcohol  it  dissolves 'with  great  difficulty. 
Heated  with  dilute  nitric  acid,  or  a  mixture  of  dilute  sulpboric  acid  and 
binozide  of  manganese,  it  is  re.i^olyed  into  ammonia,  bitter-almond  oil,  beiizoio 
Bcid,  formic  acid,  and  carbonic  acid  :  with  permanganate  of  potassa,  it  yields 
a  mixture  of  cyanale  and  henioate  of  that  base. 
Atnj'gdaliii  is  composed  of  CuHt,NOQ. 

Synaptaee  itself  has  never  been  obtained  in  a  state  of  parity,  or  fit  for 
ftnaljsis;  it  is  described  as  a  yellowish- white,  opaque,  brittle  mass,  very  solu- 
ble in  water,  and  coagulablc,  like  albumin,  by  heat,  in  which  case  it  loses 
its  speciSc  property,  In  solution  it  very  soon  becomes  turbid,  and  putrefies. 
The  daoomposition  of  nmjgdalin  under  the  influence  of  this  bod;  maj  ba 
elegantly  studied  by  digaolving  a  portion  in  a  large  quantity  of  water,  and 
adding  a  little  emulsion  of  eweet-almond ;  the  odor  of  the  volatile  oil  immedi- 
ately becomes  apparent,  and  the  liquor  yields,  on  distillation,  hydrocyanic 
■aid.     The  nature  of  the  decomposition  may  be  thus  appreximattti/  repro- 
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It  may  be  observed,  that  in  preparing  bitter-almond  oil,  the  paste  should 
be  veil  miied  with  about  20  parts  of  warm  water,  and  tbe  whole  left  to  stand 
come  hours  before  distillation  ;  the  heat  must  be  gently  raised,  to  avoid  coagu- 
lating the  t^y^aptase  before  it  has  had  time  to  act  upon  the  amygdaiin.  Almond 
paste,  thrown  into  boiling  water,  yields  little  or  no  bitter-almond  oil. 

AMYaDALii;  ACID When  amygdaliu  is  boiled  with  an  alkali  or  an  alkaline 

earth,  it  is  decomposed  into  ammonia,  and  a  new  aaid  called  the  amygialie, 
which  remains  in  union  with  the  base.  This  is  best  prepared  by  means  ol 
baryta-water,  the  ebullition  being  continued  as  long  as  ammonia  is  evolved. 
From  the  solution  thus  obtained,  the  baryta  may  be  precipitated  by  dilute 
sulphuric  aeld:  the  filtered  liquid  is  evaporated  in  a  water~batb.  Amygdalic 
acid  forms  a  colorless,  transparent,  nmorphoos  mass,  very  soluble  in  water, 
and  deliquescent  in  moist  air  ;  the  solution  has  an  acid  taste  and  reaction.  It 
is  converted  by  oiidiiiiig  agents  into  bitter-almond  oil,  formie,  and  benioia 
aoidt.  The  amygdalates  am  mostly  soluble,  but  have  been  but  little  studied; 
the  acid  conloins  C„I1„0„,  110. 

The  presence  of  hydrocyanic  acid  is  detected  witii  the  utm... ,  .-.      - 

Diarlmble  odor  and  high  dL-grue  of  volatility  almost  sufficiently  characteriottl 
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With  lohitiDD  of  nitrate  of  sliver  it  glitu  &  denae  cnrdj'  nhite  preciplIaMi 
much  resembling  llie  chlnrliic.  hut  difienDg  frnm  ttint  sabstance  in  not  blBckci- 
ing  so  readilj  b;  light,  in  being  t^oluble  in  huiliug  nitric  ncid,  and  in  guflering 
aomplete  dfcompoaiCioD  when  heated  in  a  dry  state,  melalliG  silver  being  left: 
the  chlorida,  under  the  same  oircnmstsDceB,  nierelj  fusca,  but  undergDea  ig 
ghemioal  change.  The  production  of  Pruaslao  blue  b;  '■  Seheele's  test"  ig  u 
•xcellent  and  most  deoisJTe  eiperlmeDl,  nhich  may  be  made  with  n  TSrf  biuB 
quantity  of  aatd.  The  liquid  to  be  examiued  is  mixed  with  a  few  drops  (f 
■olulion  of  aulphnte  of  protoxide  of  iron  and  an  eicesa  of  caustic  poinni, 
and  the  whole  exposed  to  the  air  for  10  or  15  minutes,  with  agitntioD ;  hydn- 
•hlario  ncid  is  then  added  in  eicess,  which  dissolves  the  oxide  of  irna,  ud, 
if  hydrocyanic  acid  be  present,  leaves  Prassian  blue  as  an  insoluble  pDwii«r> 
The  reaction  becomes  quite  intBllij^hle  when  the  production  of  a  ferrocyuidt^ 
described  n  few  pages  hence,  is  understood.     See  page  472. 

Another  elegant  process  for  detecting  hydroeyauio  acid  la  mentioned  in  A  I 
article  upon  hydcoaulphocynnia  acid.  j 

The  most  important  of  the  metallic  cyanides  are  the  following:  theylM  ■ 
the  most  perfect  analogy  to  the  hnloid-salts. 

CTANtDK  or  pot*sb:du,  KCy. — When  potassium  is  heated  in  eyanogeHp^ 
It  takes  fire  and  bums  in  a  very  beautiful  manner,  yielding  cysnlds  if  ttl 
metal ;  the  same  substance  is  produced  when  polssslum  ia  heated  in  Uis  ftfB 
«f  hydrocyanic  acid,  hydrogen  being  liberated.  If  pnro  nitrogen  gas  h«  t>ii» 
mitted  through  awhile-hot  tube,  containing  a  mixture  of  carbonate  of  potssi 
and  charcoal,  a  considerable  quantity  of  cyanide  of  potassium  ia  fonmd, 
which  setclea  in  the  cooler  portions  of  the  tube  as  a  white  amorphous  povd«r; 
carbonic  oxide  is  at  the  same  time  evolved.  If  aiotized  organic  matter  of  snj 
kind,  capable  of  furoisbing  ammonia  by  destrucIiTe  distillation,  as  hor> 
shavings,  paring!  of  hidea,  &c.,  be  heated  to  redness  with  carbonate  of  potanl 
in  a  close  vessel,  a  very  abundant  production  of  cyanide  of  potassium  resnlu, 
which  cannot,  however,  be  advontageously  extracted  by  direct  means,  bniiii 
practice  is  always  cuiivcrted  into  ferrocyanide,  which  is  a  much  more  eUtile 
substance,  and  cryatalliies  better. 

There  are  several  methods  hy  which  cyanide  of  potassium  may  be  prepanj 
for  use.  It  may  be  made  by  passing  the  vnpor  of  hydrocyanic  acid  into  a  cold 
alcoholic  solution  of  potassa;  the  salt  is  deposited  in  a  cryaralline  fonn,  snd 
may  be  separated  from  the  liquid,  pressed  and  dried.  Ferrocyanide  «f 
patassiom,  heated  to  whiteness  in  a  nearly-close  vessel,  evolves  nitrogen  snd 
other  gases,  and  leavea  a  mixture  of  charcoal,  carbide  of  iron,  and  cyinide 
of  polasaium,  which  latter  salt  is  not  decomposed  unless  the  temperature  hi 
excessively  high.  Mr.  Donovan  recommends  the  use  in  thia  process  of  * 
wrought-iron  mercury-bottle,  which  is  to  bo  half  filled  with  the  ferrocyanids, 
and  arranged  in  a  good  air-furnace,  capable  of  giving  the  requisite  degree  ol 
heat ;  a  bent  iron  tube  is  fitted  to  the  mouth  of  the  bottle  and  made  to  dip 
half  au  inch  into  a  vessel  of  water;  this  serves  to  give  exit  to  the  gas.  Tho 
bottle  is  gently  boated  at  first,  but  the  temperature  ultimately  raised  lu  white- 
ness. When  no  more  gas  issues,  the  tube  is  stopped  with  a  cork,  and,  irbto 
the  whole  is  completely  cold,  the  bottle  is  cut  asunder  in  the  middle  by  nreuu 
of  a  chisel  and  sledge-hammer,  and  the  pure  white  fused  salt  carefully  sifr 
rated  from  the  black  spongy  mass  below,  and  preaerred  in  a  well-stopped 
bottle:  the  black  subslance  contains  much  cyanide,  which  may  be  extmclfd 
by  a  little  cold  water.  It  would  be  better,  perhaps,  in  the  foregoing  procew 
to  deprive  the  ferrocyanide  of  potassium  of  its  water  of  crystalliiation  t>efiir« 
introducing  it  into  the  iron  vessel. 

Professor  Liebig  has  published  a  rery  easy  and  excellent  process  for  matii'l 
cyanide  of  potassium,  which  does  not,  however,  yield  it  pure,  but  mixed  with 
eyanate  of  potasaa.  For  most  of  the  applications  of  cyanide  of  polassimn. 
iiL  fo>  axunplt,  electro-plating  and  gilding,  for  which  a  condderable  qiuntitj 
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1  now  reqoiied.  this  imparity  ia  of  no  con?flqueni 
of  pptaasium  aro  rendered  nnhjdrona  by  gentle 

with  8  prtrts  of  dry  cnrbuaate  of  potttssa ;  tliib  mixture  is  lorown  inio  a  rea- 
hat  earthfii  crucible,  «nd  kept  in  fusion.  Willi  occaa.onn.!  stirring,  until  gM 
eeosoB  to  be  evolveil,  and  the  fluid  portion  of  the  muss  becomes  colorless.  The 
enuible  is  left  nt  rsst  far  a  moment,  find  then  the  clear  salt  decanted  from  the 
iiLfuyj  bliutk  nedimcnt  at  the  bottoin,  whioh  is  principall;  melnllio  iron  in  a 
•tftte  of  miaiit«  diviatoa.  Ia  this  experiment,  2  oq.  of  fnrocyanide  of  potas- 
•iam  and  2  eq.  cnrbnnnte  of  potasaa  yield  6  eq.  cyanide  of  potnssiam,  1  eq. 
Bfanate  of  potossa,  2  eq.  iron,  and  2  eq.  oarbonio  aeid.  The  product  may  bs 
advaalageonsly  nsed,  instead  of  ferrocyanide  of  potasainm,  in  the  prepBratlan 
of  hjdrated  iiydrocysnic  acid,  by  diBtillation  with  diluted  oil  of  Titriol. 

Cyanide  of  potasHium  forms  colorlese  cubie  or  octahedral  crystala,  deliqnes- 
eent  in  the  air,  and  exceedingly  soluble  in  vater;  it  dissoWea  in  boiling 
•laohol,  but  separates  in  grent  measure  on  cooling.  It  ia  readily  fusible,  and 
undergOBB  no  change  al  a  moderate  red-  or  even  white-heat,  when  eieiuded 
from  air ;  otherwise,  oxygen  is  absorbed  and  the  cyanide  of  potassium  becomes 
BjnDnte  of  polassn.  Its  solution  always  has  an  alkaline  reaction,  and  eihales 
vhen  exposed  to  the  air  the  smell  of  hydrocyanic  acidj  it  is  deoompoeed  by 
the  feeblest  acids,  even  the  carbonic  acid  of  Ihe  atmosphere,  and  when  boiled 
in  a  retort  is  slowly  converted  into  formate  of  potasaa  with  separation  of  am- 
monia. This  salt  is  anhydrous  :  it  is  said  to  be  as  poisoaons  as  hydrocyaaio 
Kcid  itself. 

Cyanide  of  potassium  has  been  derived  from  a  curioas  and  nncxpeoted 
Booree-  In  aome  of  the  iron  furnaces  in  Scotland,  where  raw-coal  ia  uaed  for 
ftiei  with  the  hot-blast,  a  saline-looking  subatanoa  is  oecasionally  obserTed  to 
bsne  iu  a  fused  state  from  the  tuyere-holes  of  the  fumaoo,  nod  concrete  on 
the  ontside.  This  proved,  on  eiamination  by  Dr.  Clark,  to  be  priooipoUy 
Oyauide  of  polasaium. 

CiAHiDK  OF  BaDHTM,  NuCy,  is  a  very  soluble  salt,  corresponding  closely  with 
tbe  foregoing,  and  obtained  by  similar  means. 

Cyanidb  of  ammonium,  MH,Cy. — This  is  a  colorless,  crystttlliiable,  nnd  very 
Tolatile  substance,  prepared  by  distilling  n  mixture  of  cyanide  of  potassium 
and  sal-ammoniac,  or  by  miagliug  the  vapor  of  anhydrous  hydrocyanic  acid 
with  ammoniaoal  gas,  or,  lastly,  according  to  the  obaervation  of  M.  Langlois, 
by  passing  ammonia  over  red-hot  cburcool.  It  is  very  soluble  in  water,  subject 
to  spontaneous  deeomposiUon,  and  is  highly  poisonous. 

CrAume  or  mxeoubt,  HgCy.— One  of  the  most  remarkable  features  in  th« 
history  of  cyanogen  is  its  powerful  attraction  for  certain  of  the  less-oiidahlfl 
metals,  as  ailver,  and  more  particularly  mercury  and  palladium.  Dilute 
hydrocyaoio  acid  disBolTes  finely-powdered  red  oxide  of  mercury  with  the 
ntmoet  ease ;  tlie  liquid  loses  all  odor,  and  yields  on  evaporation  crystals  of 
cyanide  of  mercury.  Cyanide. of  potassium  ia  in  like  manner  decomposed  by 
red  oxide  of  mercury,  hydrato  of  potaasa  being  produced.  Cyanide  of  mer- 
cury is  generally  prepared  from  common  fen'ocyanide  of  patossium;  2  parta 
of  the  salt  are  dissolved  in  15  parts  of  hot  water,  and  3  parts  of  dry  solphate 
of  mercury  added ;  the  whole  ia  boiled  for  16  minutca,  and  filtered  hot  from 
the  oiide  of  iron,  which  separates.  The  solution,  on  cooling,  deposits  the  new 
■alt  in  crystals.  Cyanide  of  mercury  forma  white,  translucent  prisms,  much 
resembling  (hoae  of  corrosive  suhlimate ;  it  ia  soluble  in  B  parts  of  cold  water, 
and  in  a  much  smaDer  quantity  at  a  higher  temperature,  and  also  in  alcohol. 
The  solution  has  a  diaagreeablD  melallio  taste,  is  very  poisonous,  and  ia  not 
precipitated  by  alkalies.  Cyanide  of  mercury  is  used  in  the  laboratory  as  a 
Bonrce  of  ajaoogen. 

Cyanide  of  flLLVEB,  AgCy,  has  been  already  described.  Ctfanidt  nf  tine, 
ZnCy,  is  a  white  insoluble  powder,  prepared  by  mixing  acetate  of  line  with 
hydrocyanio  acid.     Cyanide  of  cobalt,  CoCy,  is  obtained  by  similar 
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,WUh  aolntiDn  of  nitrate  of  silier  it  givea  a  deuee  cnrdy  white  precipft 
BUoh  resemblini;  (tae  clilnrldp,  but  tlitTeri'ig  frriin  tbnt  Babatance  in        ■  -   - 
\ag  to  readilj  by  light,  in  being  Holubia  in  boiling  nitric  acid,  and 
eamplete  deoompoaUioD  wbrn  heated  in  B  dry  state,  melAllic  silve 

• '  ■'  under  the  same  oircum stances,  merel;  fiiaca,  bnt  iiDdei^oclfl 
BDeiDiaai  cnange.  The  prodnctioD  of  Pmsaian  blue  by  "  Soheole's  teat"  i^ 
excellent  and  most  decisive  siperiment,  whieh  ma;  be  made  with  ft  verj  d 
quantity  of  aoid.  The  liquid  to  be  oiamined  ia  mixed  with  a  few  dro] 
tolulion  of  sulphate  of  protoxide  of  iron  and  an  excees  of  r 
#nd  the  whole  exposed  to  the  air  for  10  or  15  minutes,  with  agitation ;  bjinp 
ohloHc  acid  is  then  added  in  exceaa.  whicb  disaolTes  the  oxide  of  iron,  uj, 
if  hydroeyaiiie  acid  be  preseoC,  leaves  Prussian  blue  as  an  ineolable  pomier. 
The  reaction  becomeB  quite  intelligible  when  the  production  of  a  ferrocjiaoiiift 
described  a  few  pages  hence,  is  understood.     See  page  472. 

Another  etegsnl  process  for  detecting  hydrocyanic  acid  is  meutioned  iltKl 
article  upon  bydroBulphocyanlc  acid. 

The  most  important  of  the  metaltio  cyanides  are  Uia  following:  thcylW 
the  most  perfect  analogy  to  the  haloid-salta, 

Ct*nid«  or  roTASsiuB,  KCy. — When  potasaiani  is  heated  in  ojanogeBrt 
it  takes  liro  and  bums  in  a  very  beautiful  manner,  yielding  cyanide  ettb 
metal  J  the  same  xubatance  ia  produced  when  potaasinm  is  heated  in  theT^x 
of  hydrocyanic  acid,  hydrogen  being  liberated.  If  pun>  nitrogen  gas  be  tn 
mitted  through  a  white-hot  tube,  containing  a  mixture  of  carbonate  of  pod 
and  charcoal,  a  oonaideroble  quantity  of  cyanide  of  potaBsium  is  fonneit 
which  settles  in  the  cooler  portions  of  (he  tube  aa  a  white  amorphous  pavderj 
carbonic  oxide  ia  at  ibe  same  lime  evolved.  If  aiotiied  organic  matter  of  UJ 
kind,  capable  of  furnishing  ammonia  by  detttructive  distillation,  aa  ' 
shavings,  parings  of  hidoa,  &c.,  be  heated  to  redness  with  carbonate  of  pi 
in  a  close  vessel,  a  very  abnndant  production  of  cyanide  of  polafsium  resolk, 
irhich  cannot,  however,  be  advanlngeonsly  eitraoted  by  dirGCt  me 
practice  is  always  converted  into  ferrucyanide,  which  is  a  much  n 
anbstance,  and  crystalliiea  better. 

There  are  several  metliods  by  which  cyanide  of  potaasinni  may  be  pi 
for  use.   It  may  bo  made  by  passing  the  vapor  of  hydrocyanic  acid  intc 
alcDliolic  solutjon  of  potassa ;  tbe  salt  is  deposited  in  a  crystalline  form,  iL 
may  be  separated   from    the   liquid,   pceased    and   dried.      Ferrocyanid*  J 
potassiam,  heated  to  whiteness  in  a  neurly-clnae  vessel,  evolves  nitn 
other  gases,  and  leaves  a  mixture  of  charcoal,  carbide  of  iron,  and 
of  potasainm,  which  latter  salt  is  not  decomposed  unless  the  temperatu 
excessively  high.     Mr,  Donovan  recommends  the  use  in  tbia  prooem  irf 
wrought-iroQ  mercury-bottle,  which  is  to  be  half  filled  with  the  ferrocjiUiK_ 
and  arranged  in  a  good  oir'furnace,  capable  of  giving  the  requieilc  degree  of  1 
heat;  a  bent  iron  tube  ia  fitted  to  the  month  of  the  bottle  and  made  to  dig 
half  an  inch  into  a  Tessel  of  water;  this  serves  to  give  exit  to  the  gaa.    Uu  j 
bottle  is  gently  heated  at  first,  but  the  temperature  ultimately  rniaed  t  ~''''' 
ness.     When  no  more  gaa  iasuea,  the  tube  ia  stopped  with  a  cork,  an 
the  whole  is  completely  cold,  the  bottle  is  cut  asunder  in  the  middle  bj  M 
of  a  chisel  and  al edge-hammer,  and  tbe  pure  white  fused  salt  carefuily  at 
rated  from  the  black  spongy  mass  below,  and  preserved  in  a  well-itOM 
bottle :  the  block  substance  contains  much  cyanide,  which  may  be  eitl 
by  a  little  cold  water.     It  would  be  better,  perhaps,  in  the  foregoing  p 
to  deprive  the  ferrocyanide  of  potassium  of  its  water  of  cryatalliiati      ' 
introducing  it  into  the  iron  veasel. 

Professor  Liebig  has  published  a  very  easy  and  eioellent  process  for  m 
cyanide  of  potasainm,  which  doea  not,  however,  yield  it  pure,  bat  mixed  wl 
syanate  of  potassa.  For  most  of  the  applications  of  cyanide  of  polsssid 
■&  tot  example,  electro-plating  and  gilding,  tbr  which  a  oouHderable  qua: 
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■  now  raquirfid,  thie  impurity  is  of  no  con^eqneroe.  8  parts  of  ferrncyftnide 
of  potABsium  are  rcudered  nDbydronB  by  geatle  lient,  nn<l  iiitimntely  mixed 
Vitb  8  pnrla  of  dry  dLrbonato  of  potassn :  Ctiia  miiture  ia  tbrown  into  !l  red- 
hiot  eardieu  cnioible,  and  kept  in  fusioD,  with  occaa.onal  stirring,  until  gni 
M>Be8  to  he  eviilied,  nod  the  fluid  portion  of  the  maes  becomeB  colorieaa.  Ths 
jnuoible  is  left  nt  rest  for  a  mament,  and  then  the  clear  unit  decnntod  from  the 
]^eaTy  black  SGrllinoDt  at  the  bottom,  wbicb  is  prinoipaHy  metnllio  iron  in  a 
^*te  of  minute  diiiaioa.  In  this  eiperiment,  2  eq.  of  ferrocyanide  of  potua- 
aium  and  2  eq.  carbonate  of  potsasa  yield  5  eq.  cyanide  of  potrvBsium,  1  eq. 
eyanate  of  potaa^a,  2  eq.  iron,  and  2  eq.  oarbonio  acid.  The  product  ma;  tia 
■dvnntageoQsly  used,  inateiid  of  ferrncyanide  of  potassium,  in  the  preparation 
of  hydnited  hjdrooy.mie  aoid,  by  distillation  with  diluted  oil  of  Titriol. 

Cyanide  of  potassium  forma  colorless  cubic  or  octahedral  crystals,  deliquea- 
eeDt  in  the  air,  and  exceedingly  soluble  in  water;  it  dissohes  in  boilinl 
kloohol,  bat  separalea  in  grcnt  measure  on  cooling.  It  is  readily  fusible,  and 
nndergoea  no  change  at  a  moderate  red-  or  even  white-heat,  when  eiolnded 
from  air  J  otbervrise,  oxygen  is  absorbed  and  the  eynnide  of  potasaium  becomea 
Cjanate  of  potassa.  Its  solution  always  has  an  alkaline  reaction,  and  exhales 
when  exposed  to  the  air  the  amell  of  bydrocjanic  aoid  ;  it  is  decomposed  by 
tha  feeblest  acids,  e*en  the  carbonic  acid  of  the  aCmoephere.  and  when  boiled 
In  R  retort  is  slowly  converted  into  formate  of  potaasa  with  separation  of  am- 
uoiiin.  This  salt  is  anhydrous :  it  is  said  to  be  as  poiaonons  as  bydrocyania 
ftoid  itself. 

Cyanide  of  potaesiuin  has  been  derived  from  a  ourious  nnd  unexpected 
BODToe.  In  some  of  the  iron  furnaces  in  Scotland,  whore  raw-coal  is  used  for 
fuel  with  the  hot-blast,  a  saline-looking  substance  ia  occasionally  observed  to 
iraae  in  a  fused  etate  from  the  tuyere-holes  of  the  fnrnaoe,  nnd  concrete  on 
Uta  outside.  This  proved,  on  eiamination  by  Dr.  Clark,  to  be  principally 
oyaiude  of  potasaium. 

Ctanide  or  soolDH,  MaCy,  is  a  very  soluble  ialt,  correeponding  closely  with 
Qie  foregoing,  and  obtained  by  similar  means. 

Cyasipe  c)J  a«mon(um,  NH,Cy. — Thia  is  a  oolorless,  oryslalliiable,  and  very 
volatile  substance,  prepared  by  distilling  a  mixture  of  cyanide  of  potassium 
and  sal-ammoniac,  or  by  mingling  the  vapor  of  anhydroua  hydrocyanic  acid 
with  ammoniacal  gas,  or,  lastly,  according  to  the  observation  of  M.  Langlois, 
iy  passing  ammonia  over  red-liot  charcoal.  It  is  Tory  soluble  iu  water,  Butgect 
to  Birantaneaus  decomposition,  and  is  highly  poisonous, 

CiANinB  OF  UEHODBT,  HgCy.— One  of  the  moat  remarkable  features  in  thi 
Idstory  of  cyanogen  ia  its  powerful  attraction  for  certain  of  the  lesg-otidable 
tDetsls,  as  silver,  and  more  porticnlarly  mercury  and  palladium.  Dilute 
hydrocyanic  acid  dissolves  Gnely-powdercd  red  oxide  of  mercury  with  the 
utmost  ease ;  the  liquid  loses  all  odor,  nnd  yields  on  evaporation  crystals  of 
cyanide  of  mercury.  Cyanide  of  potassium  is  in  like  manner  decomposed  by 
rod  oxide  of  mercury,  hydrate  of  potassa  being  produced.  Cyanide  of  mei^ 
(mry  is  generally  prepared  from  common  ferrocyanide  of  potasaium;  2  part* 
of  the  salt  are  dissolved  in  IS  parts  of  hot  water,  and  8  parts  of  dry  sulphate 
of  mercury  added;  the  whole  is  bolted  fur  15  minutes,  and  filtered  hot  from 
the  oxide  of  iron,  which  separates.  The  solution,  on  cooling,  deposits  the  new 
Mlt  in  crystals.  Cyanide  of  mercury  forms  white,  translucent  prisms,  much 
|«flembling  those  of  corrosive  ubrmate  t '  olnble  in  8  parts  of  cold  water, 
kod  in  a  much  smaller  quan  y  a  a  h  gh  n  perature,  and  also  in  alcohol. 
The  solution  has  a  diaagreeab  e  m  a  a  is  very  poisonous,  and  ia  not 
precipitated  by  alkahes.  Cyan  de  f  m  u  y  s  used  in  the  laboratory  as  a 
Bource  of  cyanogen. 

CvANiux  OF  siLVKE,  AgCj  h  b  cu  al  eady  described.  Cyanidf  of  tine, 
ZnCy,  is  a  white  insoluble  p  wd  p  pa  d  by  mixing  acetate  of  lino  with 
hydrocyanic  aoid.     Cyanide  /     bat,  LoCy    s  obtained  by  Bimilar 


M 


OTAXOUKX, 

TW  tB— K«iM  batvcn  ^Mk  wad,  vrcK,  uid<Tjuiarie  add,  moTbethM 
Ncafindued:— 

«  >ad  ia  cfcu^tJ  b;  •  ^trj  iif^  tcmpenlDre  inio  hjdr&ud  epik 

[  I>  Ik*  iMttf  MaetMi^  1  eq.  if  hjdntcd  c?>DiiTia  acid  epHts  into  t  tq. 

(V^C^SHO  =  >((V<'0,HD). 

CruAn  An  crixnAT*  or  dzina  or  ktkti- — If  a  drj  miitore  of  ojuili 

tt  po<B^  aanl  ■alffciiijiiali  of  polasa  be  diMillcd,  a  prodact  is  obtaioed  ulaA 

mmtitb  *t  a  vxto*  of  tke  abore  ethers.     The?  are  separated  without  £■■ 

I   aidtr.  ikc  ^aMM  boiling  al  140°  (60°C).  vbile  the  boiliDg-poiiit  of  &t  ^a- 

'  -   '  Bach  Ufbtr.  saBFl;,  6S8°'8  [2T6°C).     Cranateof  ethyl  ia  a  mohto 

•  taparaf  vLich  eidleaa  flov  of  tcara.     The  composition  ofojMHUi 

•  "  "  "Tl  =  C.B^.C^O  =  AeO.CjO.     The  formation  ia  nfi»: 
fioa  KO.CtO  +  KO.  AeO.2S0,  =  AeO.CjO  -f-  2(K0,e(Ul 

IB  <rf  elhjl  coBiatu  SAeO.<V<A!  <*  *"■<■  >"  '*<'<'  re*cti<r  ^-^B 
ICC  of  S  f<|.  of  eraaalc  of  etbjri.     It  may  be  likewise  oblai 
"'"'     e  ti  fnlphDnnale  of  potasu  with  cjanarale  of  p 

,  I  i»  a  CTystaDine  mass,  atigbtly  soluble  in  water,  i 

Bland  ether,  taiiug  af  1^5°  (gS'C).      By  snbstitutinf  foriri 

' 1,  Baits  of  (alphomethjlic  and  snlphtmyiic  acid,  ibeM 

■nd  amjl-  compouDds  iD*y  be  obtained. 

eranie  and  cyinnric  etheia.  which  were  di^oiefed  ^ 

_       t,  kaa  ted  to  xerj  bnporiaiit  ranlls.  wbicb  will  be  fully  de^ribad  iafl 
p  aKtioii  oa  tbo  Organic  Bucd. 

J       Fruiisic  ac]D. — Tfai*  remarteble  eompoDiid,  which  is  isonierio  both  w 
E'  <i^aiua  and  eyannrie  acid?,  originatea  in  the  peculiar  action  exercised  by  luin 
•dd  upon  alcohol  in  presence  of  a  salt  of  stiTcr  or  mercury.      Neither  abMk 
fahninic  acid  nor  its  hy^jnlte  has  erar  been  obtaiaed. 

FnbuiDate  of  slier  is  prepared  by  disaolTing  40  or  50  Brains  of  nlrer,  wH 
■eed  not  be  pure,  in  J  oi.  by  meaaure  of  nitric  acid  of  sp.  gr.  1  -ST  cr  the 
abooTs,  by  the  aid  of  a  little  heat ;  a  siipence  answers  the  purpose  reij  «i 
To  the  highly-acid  solution,  whEle  Etill  hot,  2  measured  ounces  of  aloobalM 
added,  and  heat  applied  until  rexcrion  commences.  The  uitHc  acid  niirliW 
part  of  the  alcohol  to  aldehyde  and  oialie  acid,  becoming  it^lf  redaeed  t 
BitroBS  acid,  which  in  turn  acts  upon  the  alcohol  in  such  a  maooer  as  to  ftl 
Ktrous  ether,  fnlminie  acid,  and  water;  !  tq.  nitrons  ether  and  1  eq.  of  mbt 
— 'd  containing  the  elemeotq  of  1  eq.  fulminie  acid  and  5  eq.  water. 
C,H,0,S0,  +  N0,  =  C,N,I3,+  &H0. 
f  silrer  slowly  separates  from  the  hot  liquid  in  the  fatal 
t,  white,  crystalline  plates,  which  may  be  washed  with  a  00 
lied  upon  separate  pieces  of  Blter-paper  in  portions  not « 
two  each,  and  left  to  dry  in  a  warm  place.  When  diy,  l! 
llded  up  and  preserved  in  a  boi.  The  only  safe  method  of  bef^ 
-  '■J  immerstug  it  under  water.  Fulminate  of  silrer  it  -  ■ '  ^ 
ng  water,  but  the  greater  part  crystslliies  out  on  ooi 

"■«  aubstuoces  to  handle  that  chemistry  pi 

«d,  or  when  mbbed  or  struck  with  a  burd  Iwi^i, 
'(■Hied  sulphuric  acid,  with  ■  degree  of  r  ' — 
lal   is  reiluced.  and  n  targe  rolntne  id  t 

V  burned  in  i  tube  with  as  much  famlity 
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sr  organic  substance.     Its  composition  thus  determined  is  expreiitd  In  thf 
aula  2AgO,C4NjOa. 

he  acid  is  evidently  bibasic :  when  fulminate  of  silver  ii  digCHted  with 
Stic  potassa,  one-half  of  the  oxide  is  precipitated,  and  a  ounipuund  pro* 
ed  containing  AgO,KO,C4N202,  which  resembles  the  neutral  silvor-Mult,  and 
)nates  by  a  blow.  Corresponding  compounds  containing  soda  and  oxidf 
.mmonium  exist ;  but  a  pure  fulminate  of  an  alkaline  metal  hai  never  been 
ned.  If  fulminate  of  silver  be  digested  with  water  and  copper,  or  lino,  tht 
er  is  entirely  displaced,  and  a  fulminate  of  the  new  metal  produced.  Tht 
hsalt  mixed  with  baryta-water  gives  rise  to  a  precipitate  of  oxide  of  lino, 
le/uitttinaU  of  zinc  and  baryta,  ZnOyBaO^C^NgOg,  remains  in  solution.  J\ii' 
mU  of  mercury  is  prepared  by  a  process  very  simiUr  to  that  by  which  tht 
er-salt  is  obtained:  one  part  of  mercury  is  dissolved  in  12  parts  of  nltrio 
I9  and  the  solution  mixed  with  an  equal  quantity  of  alcohol;  gentle  hcftt  it 
lied,  mod  if  the  reaction  becomes  too  violent,  it  may  be  moderated  by  tht 
itioB  from  time  to  time  of  more  spirit :  much  carbonic  acid,  nitrogeOf  and 
▼mpors  are  disengaged,  together  with  a  large  quantity  of  nitrous  ether  and 
ikyde :  these  are  sometimes  condensed  and  collected  for  sale,  but  are  saUl 
oataiii  hydrocyanic  acid.  The  fulminate  of  mercury  separates  from  tht 
liq«id,  and  after  cooling  may  be  purified  from  an  admixture  of  reductd 
al  by  solution  in  boiling  water  and  recrystallizatioo.  It  much  rettmbUt 
alver-fialt  in  appearance,  properties,  and  degree  ^  solutHlity,  and  etn* 
■  2Hg/),C4N/)^    It  expbdes  violently  by  friction  or  perauwiao,  bot,  tia- 

tbe  ailver-eompovnd,  merely  burnt  with  a  sudden  and  almost  noittUtt 
h  vkcB  kindled  in  the  c^>en  air.  It  is  maauflBetored  on  a  lafgt  tealt  to 
yijioae  of  ehar^g  peraudon-^apM ;  tnlphnr  and  ehloratt  of  potatta,  or 
frequently  nitre,  are  added,  and  the  powder,  yremed  into  tht  mpf  It 

ti  by  a  drop  of  varnish. 
W  reSations  of  eompontion  between  the  three  Uumene  aeidt  are  btavti* 
f  SBBB  by  coMparing  their  silver-saltt ;  the  imt  aeid  it  ttOiMfhatle,  tW 
■id  hSbmrnCj  and  the  third  tribasie. 

Cyanate  oT  nlvcr AgO  ,  CJU). 

Fvkuaate  of  silver 2Agr>  ,  C^VV 

ofBlver ^Af(>,C^V 


^jBte  reeeatly,  beyond  the  aeeidental  one  of  Idestitj  of  eoas|^o#tk«, 
id  between  f nhwnie  aod  and  its  vtornvn.    lAr  OUtAmm  km 
that,  when  a  solation  of  fnlmiitr  of  ^^fV^  M  isixad  widi 
ia,  fitered,  treated  with  aalphnretted  bydrofgea  in  eMetm,  mA 
frasi  the  insolable  aaJ^ibide  of  eepfier,  tbe  fii^aid  iAAmumA  i§  • 
of  area  and  enli^ioeyaukie  of  amrnontats. 
vt^U^aa^  ihtt  oengdtatMm  of  f obatnie  aeid  vat  pro|^ottd  hf 
The  fnhDuwtee  maj  be  eouadcred  at  eyaatide  of  aatChft  f aat' 
>  m  wkadk  1  eq.  of  bydro^  it  rcfdaeed  hj  VO^  aad  1 1%>  tf  bydrt' 

^4  At,    C^ 

MMbe  tnpffort  Inr  ^htt  inmtatim,  pbturi'aliwt  Ittflf 

Iht  uct^tm  of  elu«riae  wm  f luatuMte  ^  mmpmt 

of  ehiurtifdoiB.  C/:2j6j^  a  aobtiaBee  m^^mmf 

"^  -  by  be  Yirved  at  cwkndWm,  tbe  bfdM^m 


I 
I 


■  af  prMaiiile  of  neraoi;;^ 
Tva  fk>«M  BS7  be  diMmgniibM 
H.  i^  «■  Mar  «  ^^^id^,  we  baha  Ite  franalk  of  fnluH 
b>  ■■■  ■■B*  Bi?  be  iifRMadtd  I9  the  c^oatioa 


S|K0lQrO)-t-2BO  +  SBca_  SaCv^A  +  ^^eO  +  ngCI  +  2KC1 


cUniilc  of  sodinni 

eompoanda  are  obti 
CTjtti36t»  wilk  p*Kt  bdfitj:  Ibcj  are  not  eipioajite 
ooOTpoeilion  %a  cjmimric  acid,  bst 


utawm.  —  CUnrine  fbnnB  Iwo  eotnponnds  with  cjkdim 
ttr  iu  elemeDtE,  vbieh  are  iaoDiene,  and  comspond  to  cjanic  And  ctui 
■ciJ*.  Oowsu  tkloriJi  of  rya»<-gm.  CjCl,  is  fonned  bj  conducting  Bblof 
pa  into  strong  kjdnn^soic  acid,  or  hj  puBing  chlorine  OTer  moist  ejai 
nf  merenrj  eontained  in  a  tnbe  ^h^ltered  from  the  light.  It  is  a  p«iiiaii 
nod  eolories!  gas  at  the  tetnperatore  of  the  wr,  at  insupportable  pnngn 
and  solable  to  a  leij  considerable  extent  in  water,  alcohol,  and  ether,  kt' 
(-I7"'8C)  it  eongeala  to  a  ma»B  of  colorlesB  crystals,  wliich  at  5"  (-I6"C)n 
la  a  liquid  whose  boiling-point  is  11°  i^ll°-6C).  At  the  temperature  of 
air  it  is  condensed  to  the  lii^nid  form  under  a  pre!<sure  of  fonr  atmoBfibia 
and  when  long  prei^rred  in  this  condition  in  hermetically-sealed  tubeii  iE| 
dnallj  passes  into  the  solid  modifieation.  Solid  chloride  of  eymtofiat  iggl 
rated  when  snhydroas  hydrocyRDic  acid  ia  put  into  a  vessel  of  ohlorinc  | 
and  the  nhole  exposed  to  the  snn;  hfdroohlorio  acid  is  formed  at  the  ■■ 
time.  It  forma  long  colorless  needles,  which  eibale  a  powerful  and  offiaii 
odor,  compared  b;  some  to  that  of  tbe  excrement  of  mice ;  it  melta  nl  31 
(140°C],  and  sublimes  unchnn)red  ot  n  higher  temperature.  When  beataiF 
ootitaot  with  water,  it  is  decomposed  into  cyanurio  and  hydroohloria  »e" 
This  compound  may  be  represented  by  the  formula  Cy^Clj,  or  C,N,Clg,  It ' 
■oWes  in  alcohol  nnd  ether  without  decompuaition. 

Bromikb  *nd  loniDB  OF  0YA.M0OKN  Correspond  to  the  first  of 
eoropounds,  nnd  are  prepared  by  distilling  bromine  or  iodine  with  cyanide 
mercury.     They  are  colorless,  volatile,  solid  eubstances,  uf  powerful  odor. 


When  a  lolutlon  of  oysnlde  of  potnHsium  ia  digested  with  iron-filingi  il 
jtntU  heal  In  an  open  Teasel,  oxygen  is  absorbed  fi'om  the  nir,  the  irua  ** 
MWm  quietly  and  liisnpptini's,  nnd  a  highly  nlkuline.  yellow  liquid  ia  ubtai 
which  on  avapomtloii  deposits  lemon-yellow  crystals  containing  potassiu 
^mblnatiun  with  a  new  lalt-radical  composed  of  the  metal  iron  and  tlw  li 
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nents  of  a;aaogeD:  in  the  mother-llqnid  hydrate  of  potaasii  is  found.  3  tq. 
BjKaide  of  palaaaiain,  1  eq,  iron,  nod  1  eq.  oxj'gen,  yield  1  eq.  of  ths  new 
Bnlt,  and  1  eq.  of  putass^ 

SKCy  +  Fe  +  O  ==  KO  4-  K^C^iPe. 

The  new  substsnoe  is  cnlled  ferTocyiinagtn,  and  is  designated  by  the  eymbol 
Cfy ;  it  ia  bibasic,  Qcutraliiing  2  equivalents  of  metal  or  hydrogen,  and  ooQ- 
tains  Iht  elfmcnli  of  i  ectuivalenta  of  cyanogen  combined  with  1  eq.  of  iron.  It 
has  never  been  isolated. 

When  iiDD  in  filings  is  healed  in  a  small  retort  with  a  BolutioD  of  cyanide 
of  piitassinm,  it  is  disaotred  with  evolution  of  hydrogen,  caustio  pocassa  and 
the  new  sub8t]ince  being  generated ;  the  oxygen  in  this  oase  ia  derived  from 
the  decomposition  of  wntec,  Snlphide  of  iron  and  cyaaide  of  pntnsfium  give 
rise,  under  similar  circumstances,  to  sulphide  of  potasainm  and  ferrocyauide 
of  potassinm. 

Htobofekbootanio  acid,  HjCfy. — FerrooyaniJe  of  lead  or  copper,  both  of 
which  are  insoluble,  may  bo  suspended  in  water,  and  decomposed  by  a  stream 
of  sulphuretted  hydrogen  gn^.  The  filtered  sulution  evaporated  in  the  vacuum 
of  the  air-pump  over  a  surf.ico  of  oil  of  vitriol,  (nrniBbes  the  acid  in  a  solid 
form.  If  the  aqueoas  solution  be  agitated  with  ether,  nearly  the  whole  of 
the  acid  aepurates  in  colorless,  crystalliue  lamineB;  it  may  even  be  made  in 
large  quantity  by  adding  hydrochloric  acid  to  a  strong  solutioD  of  ferrocyo- 
nide  of  potassiuui  in  water  free  from  air,  and  shaking  the  whole  with  ether. 
The  crystals  may  be  dissolved  in  alcohol,  and  the  acid  again  thrown  down  by 
ether,  which  possesses  the  remarkable  property  of  precipitating  this  snhstaQOe 
&om  solution.  Hydroferrocyanic  acid  differs  completely  fVom  hydroeyanio 
Mid;  its  solution  in  water  has  a  powerfully  acid  taste  and  reaction,  anddecom- 
poaea  alkaline  carbonates  with  effervescunoe ;  it  refuses  to  dissolve  oxide  of 
mercury  in  the  cold,  but  when  heat  is  applied,  undergoes  decomposition,  form- 
ing cyanide  of  maroury  and  a  peculiar  compound  of  iron,  cyanogen,  and  oij- 
gan,  with  reduation  of  some  of  the  oiide.  lo  a  dry  state  the  acid  is  very 
permanent,  but  when  long  exposed  to  the  air  in  contact  with  water  it  becomes 
entirely  converted  into  Prussian  blue.  This  interesting  snbstance  was  disco- 
vered by  Mr.  Poprett. 

FsBBOCTANiDi  Or  FOTAS8IUH.  frequently  Called  YdlotP  prussinte  of  potiuh, 
K^y+  3H0,  orK,C4N,Fe-|-3HO.  — This  most  beautiful  salt  is  manufac- 
tured on  a  large  scale  by  the  following  prooess,  which  will  now  be  easily  Intel- 
Ugible:  —  Dry  refuse  animal  matter  of  any  kind  is  fused  at  a  red-heat  with 
impure  carbonate  of  potas.sa  and  some  iron-filings  in  a  large  iron  vessel,  from 
which  the  air  should  be  excluded  as  much  as  possible:  cyanide  of  potassium 
ia  generated  in  large  quantity.  The  melted  mass  is  afterwards  treated  with 
hot  water,  which  dissolves  out  the  cyanide  and  other  salts ;  the  cyanide  being 
quickly  converted  by  the  oxide  or  sulphide'  of  iron  into  ferrocyanide.  The 
filtered  aolntion  is  evaporated,  and  the  first-formed  crystals  purified  by  re-soln- 
tion.  If  a  sufficient  quantity  of  iron  be  not  present,  great  Iosk  is  incurred 
bj  the  decompositian  of  the  cyanide  into  formate  of  potaasa  and  ammonia. 

Ferrocyanide  of  potassium  forms  large,  transparent,  yellow  crystals,  derived 
from  an  oetahedronVitfa  a  square  base;  they  cleave  with  facility  in  a  direc- 
tion parallel  to  the  base  of  the  octahedron,  and  are  tongh  and  difficult  to  pow- 
der. They  dissolve  in  4  parts  of  cold,  and  in  two  of  boiling  water,  and  are 
inioluble  in  aloohol.  They  are  permanent  in  the  air,  and  bnvo  a  mild  saline 
taste.  The  salt  has  no  poisonous  properties,  and  in  small  doses,  at  least,  is 
merely  purgative.  Exposed  to  a  gentle  heat,  it  loses  3  eq.  of  water,  and 
becomes  anhydrous;  at  a  high  temperstare  it  yields  eyanide  of  potasaium, 
sarbide  of  iron,  and  various  gaseous  products;  if  air  be  admitted,  tlie  cyanida 
becQDiea  cyan  ate. 

■alphui  is  denial  from  the  Rduwd  aatjihiits  cf  the  ■rude  pnrtulwa  w 
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The  ferroojanldei  are  nfion  deacribed  as  double  ssltn,  in  irliich  pretocjiuii)) 
of  Iron  ia  oombined  with  other  nietallio  ujsnidea.  or  with  hjdrogon.  Tlirf 
hjdrofeiTOcyftnii;  acid  ia  wriltt-n  FeCy,2HCy,  nnd  ferrocyonide  of  potuunD^ 
PBC7,2KCy-|-3HO;  tho  oiygen  nnd  bydrogan  of  the  waler  of  crysUilliMtiMj 
being  respecliTply  ndequntp  to  convert  the  metala  into  protoxides  and  the  c^ 
nogen  into  hydrocyBDio  acid.  This  view  has  the  merit  of  Bimplicity,  a 
often  proTB  a,  nsefal  nid  to  the  memory;  hot  Ihare  are  ioBupecable  ol' 
to  its  adoption  aa  a  Bound  nnd  eatisfaelory  theory. 

Ferroayanide  of  potassium  ta  a  chemical  rengont  of  great  ralne:  l 
mixed  in  BolutioD  with  ncntrni  or  slighUy-soid  aaJta  of  the  metals  proper,  I 
pvea  rise  to  precipitatea  which  very  frequently  preBcnt  highly  ehaniclerislil 
oolors.  In  most  of  these  componnds  the  potaasiom  of  the  buae  is  simply  ifi| 
pUoed  by  the  new  metal :  tbo  bonutifal  brown  ferroeyHnide  of  eoppcr  eonlalri 
for  example,  Cu,Cfy  orCu,C(N,Fe,  and  that  of  load.  PbgCfy.  With  saltta 
protoiide  of  Iron  it  giiaa  •  bluieh  preeipitste,  irhich  becomes  rapidly  dn! 
blue  by  eiposore  to  nir:  this  appears  to  be  a  compound  of  the  nentral  fts'' 
cyanide  of  iron,  Fe^fy,  with  ferrocyanide  of  potaasium. 

When  a  ferrocynDide  is  added  to  a,  Bolution  of  a  salt  of  sesquioxide  of  in 
/Viuijan  iliw  is  produced.     Although  this  remarkable  Bubi ' 
long  known,  and  many  elabornte  researches  have  been  i 
determining  its  exact  eompoaition,  the  problem  cannot  be  t 
solved'      This  difficulty  arises  in  great  measure  from  the 
distinct  deep-blue  cooipounds  formed  under  different  circumstances,  and  hint 
many  properties  in  common,  which  have  been  frequently  confounded.    '~ 
following  is  a  summary  of  the  account  given  by  Benelius,  who  has  paid  to 
attention  to  this  subject. 

Ordinan/  iVi«mon  Blue,  C„N,Fe^  or  Fe^Cfy^  —This  is  boat  prepiired  1 
adding  nitrate  of  sesquioiide  of  iron  to  aolutiou  of  ferrocyanide  of  potMntt 
keeping  the  latter  in  slight  excesa.  It  forma  a  bulky  preeipitate  of  the  ■( 
inl«iHe  blue,  which  ahrinks  to  a  eomparatively  small  oompasa  when  V 
washed  and  dHed  by  a  gentle  beat.  In  a  dry  state  it  ia  hard  and  brit' 
much  reaembling  in  appearance  the  beat  indigo ;  the  freahly-fmctured  surfh 
have  a  beautiful  copper-red  lustre,  similar  to  that  produced  by  rubbing  imiB 
with  a  hard  body.  Prussian  blue  is  quite  insoluble  in  water  and  dilute  acid 
with  the  exception  of  oxalic  acid,  in  a  aolution  of  which  it  dissolres,  fern 
a  deep-blue  liquid,  which  is  sometimes  used  aa  ink  ;  concentrated  oil  of  ril 
converts  it  into  a  white,  pasty  maas,  which  again  becomes  blue  on  the  H 
tion  of  water.  Alkalies  destroy  the  color  instantly ;  they  diasolve  out  a  fe 
ofanide,  and  leave  sesquioiide  of  iron.  Boiled  with  water  and  red  oxide  I 
mercury,  it  yields  a  cyanide  of  the  metal,  and  seaqnioiide  of  iron.  Ileal 
in  the  air,  Pruai'inii  blue  barns  like  tinder,  leaving  a  residue  of  sesquiox 
of  iron.  Exposed  to  a  higli  temperature  in  a  close  veaael,  it  disengages  wal 
cyanide  of  iimnioaium,  and  carbonate  of  ammonia,  and  leaves  carbide  efin 
This  auliatanoe  forma  a  very  beautiful  pignient,  both  an  oil  and  a  water  coli 
but  has  little  permanenoy.  The  Prussinn  bine  of  comnjerce  is  always  eieet 
ingty  impure;  it  contains  alumina  and  other  matters,  which  gceatlj  dimtiu 
the  brilliancy  of  the  color. 

The  production  of  Prussian  blue  by  mixing  n  salt  of  sesquiolide  of  iron  iJ 
rerrocyaoido  of  potaasium  or  sodium  may  thus  be  elucidated  :  - 


leaquioiide     of  -{    ( 
I   t 
3K^tj    4-     2(Fe,0^3NOs)     =     Fe^Cfy,    +     6(K0,N0J 
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In  the  above  forniula  do  i 
PruBBiBQ  blue  cerlainlj  con 
requiring  eiami nation. 

The  tteorj'  of  the  beautiful  test  of  Sclieele  for  the  discoyerj  of  bydrocyanlc 
ooid,  or  an;  soluble  of  anide,  will  nov  ba  oleaj-l;  intelligibla.  The  liquid  ia 
tnixed  with  >  salt  of  protoxide  of  iron  and  eioeas  of  GHuatic  alkali ;  tiie  prot- 
Dzide  of  iron  quickl;  converts  the  alkaline  cyanide  into  feirocyanide.  Bj 
exposure  for  a  short  time  to  llie  air,  BDotlier  portion  of  the  hydrateil  oxide 
bacoiDGa  pcruiidiied ;  when  excess  of  acid  is  added,  this  is  dissolved,  together 
witb  the  unaltered  protoxide;  and  thii>  pre^cnt^d  to  the  ferrocyanido  in  a 
atate  fltti^  Tor  the  produeLon  of  FnisBiaa  blue. 

£aik  Pniaian  Blue,  Fe,Cfy,  +  Fe,U,.  — This  is  n  oambination  of  Prussian 
blue  with  sesquioxide  of  iron :  it  ia  formed  by  exposing  lo  the  air  the  white  of 
lole-blae  prseipitale  caused  by  a  ferrocyanide  in  a  solution  of  protosalt  of 
iron.  It  differs  from  the  preceding  in  being  soluble  in  pare  water,  although 
sot  in  a  saline  solution. 

The  blue  precipitate,  obtained  by  adding  nitrate  of  sesquioxide  of  iron  to  a 
Urge  exoesfl  of  ferrocyanide  of  potoaaium,  is  a  mixture  of  loBolable  Prussian 
blue,  with  a  compound  containing  that  substance  in  union  with  ferrocyanida 
of  potassium,  or  Fe,Cfy,-|-  2K,Cfy.  This  also  dissolTes  in  water  oa  soon  as 
tbe  salts  have  beea  removed  by  washing. 

The  other  ferrooyanldos  may  be  despatched  in  a  few  word?. 

Tbe  toda-tatt,  KB,Cfy-{-  12H0,  crystalliies  in  yellow  fonr-sided  prisms, 
which  are  efSorescent  in  tjie  air  and  very  soluble. 

Strrotyanide  of  ammonium,  (NH^j^Cfy  ■+■  3H0,  is  isomorphoua  with  feiro- 
eyauide  of  potassinni:  it  is  easily  soluble,  and  is  decomposed  by  ebullition. 
^rroq/anide  n/barium,  Ba,Cry,  prepared  by  double  deoomposition,  or  by  boil- 
ing Prusaiati  blue  in  baryta-water,  forms  minute  yellow,  anhydrous  cryatals, 
which  have  but  a  small  degree  of  solubility  even  in  boiling  water.  The  corre- 
sponding compounds  of  stroalium,  eahium,  and  magntnum,  are  more  freely 
soluble.  The  ferrucyanides  of  litver,  lead,  line,  manganat,  and  biimuth  are 
white  and  insoluble ;  those  of  niekd  and  cibaU  ore  pale-green  and  insoluble ; 
and,  lastly,  that  of  topper  baa  a  beautiful  reddiah-brown  tint. 

Ferrocyanidea  with  two  basic  metals  are  occBsionally  met  with  ;  when,  for 
example,  concentrated  solutions  of  chloride  of  calcium  and  ferrocyanide  of 
potassium  are  mixed,  a  sparingly-soluble  cryatallliie  precipitate  falls,  contain- 
ing SCaCfy.  the  salt-radical  being  half  saturated  with  polonium  and  half  with 
oalcium;  many  similar  compounds  have  been  formed, 

Fkjlxi-,  o^  rKRBiDctANOajGH,  C„M,Fe,:  or  Cfdy. — This  name  ia  given  to  a 
substance,  by  some  thought  to  be  a  new  salt-radicat,  isomeric  with  ferrocyw- 
nogen,  but  differing  in  capacity  of  saturation ;  it  has  never  been  isolated. 
Faricyatiidt  of  potaitium  is  thus  prepared  :  —  Chlorine  is  slowly  passed,  with 
agitation,  into  a  somewhat  dilute  and  cold  solution  of  ferrocyanide  of  potas- 
sium, until  the  liquid  acquires  a  deep-reddieh-green  color,  and  ceases  to  pre- 
cipitate a  salt  of  the  sesquioxide  of  iron.  It  is  then  evaporated  until  a  akin 
b^na  to  form  upon  the  surface,  filtered,  and  left  to  cool ;  tbe  salt  is  purified 
by  recrystnlliiation.  It  forms  regular  prismatic,  or  sometimea  tabular  orys- 
lals,  of  a  beautiful  ruby-red  tint,  permanent  in  the  air,  and  soluble  in  4  parts 
of  cold  water;  the  solution  has  a  dark-greenish  color.  The  crya tola  bum  when 
iatroduced  into  the  flame  of  a  candle,  and  emit  sparks. 

Ferricyauido  of  potassium  contains  R,Cfdy;  hence  the  radical  ia  tribasic; 
the  salt  is  formed  by  the  abstraction  of  an  equivalent  of  potassium  from  2  eq. 
of  the  yellow  ferrocyanide  of  potaasium.  It  ia  decomposed  by  excess  of  chlo- 
rine, and  by  deoxidizing  agents,  as  sulphuretted  bydrogen.  The  term  red 
prvaitite  o/potaik  is  often,  but  very  improperly,  given  to  this  anbstance. 

ftrnaiaaidt  of  hydrogtn  is  obtained  in  the  form  of  a  reddish-brown  noid 
liquid,  by  deaomposing  ferricyanide  of  lead  with  solphurie  acid ; 
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jwuble,  Hnil  is  resolied.  by  boiling,  into  an  hj'drated  seBqniojanide  of  in^ 

W  intoluUe  dark-green  powder,  contnining  Fe,C;,  +  SiHO,  and  hjdrMTufe 

■cid.    The  ferric/snides  of  loditim,  onifnoniuin,  and  of  the  Rlkaline  earllie  Ml 

■oluble;  tbose  of  most  of  the  otber  metals  are  iiiisoluble.     Femcjauiile  rf 

potABainm,  added  to  a  anlt  of  tbe  ttiguioxidi  of  iron,  oocai^iont!  no  preeipiUMf 

but  merelj  a  darkening  vt  the  reddish -brown  oolor  of  the  solution ;  with  ~~'' 

oxide  of  iron,  on  the  other  hand,  it  gives  a  deep-bine  precipitate,  eouti 

Fe.Cfdy,  which,  when  dry,  haa  a  brighter  tint  than  that  of  Prueaisn  blno' 

la  known  under  the  name  of  TumbuU'i  blue.     Hence,  ferricjsiiide  of  pM 

■lain  is  as  eicelleni  a  test  for  protoxitle  of  iron,  aa  tbe  yellow  ferrocTaiiidi 

for  the  eeaquiaxide. 

CoBALTiaitnoOBN. — A  series  of  oomponnds  analognnH  to  tbe  precedii^ 
containing  cobalt  tu  place  of  iren,  have  been  formed  nnd  stndied ;  a  bjdragM- 
■aid  baa  been  obtained,  and  a  number  of  enltf,  which  much  resemble  thoM 
of  ferricynnogen.  Several  other  metals  ot  tbe  same  isomorphoua  familjut 
foand  capable  of  replacing  iron  io  these  circumstances. 

NiTaoPBUSHiDKS.  —  The  action  of  nitric  acid  upon  ferrocyanides  and  ft 
oyauideB  gives  rise  to  the  formation  of  a  ler}'  interesting  aorios  of  new  si 
wbicb  were  discovered  by  Dr.  Playfair.     The  general  formnla  of  these  a 
Appears  to  be  M,Fe,Cy,NO,  which  cibibits  a  close  relation  with  those  el  Its 
ferret-  and  ferri-cjanidcs. 

2MXfy    =    M( 


iz 

- 

f.,ri05.„ld„. 

F*i 

!.« 

= 

nitropniBBidBi 

Aocording  to  this  formula,  tbe  formation  of  the  nitroprussides  won 
iist  in  the  rednction  of  the  nitric  acid  to  the  state  of  protoxide  of  uilrogM 
which  replaces  1  eq.  of  cyanogen  in  2  eq.  of  ferricyanide.  The  formation  tl 
these  salts  is  attended  bj  the  prodnction  of  a  variety  of  secondary  prodopi 
■ucb  aa  cyanogen,  oiamide,  hydrocyanic  acid,  nitrogen,  carbonic  owd,  | 
One  of  the  finest  ccmpounds  of  this  series  is  the  uitroprussiile  of  aodiii. 
Na«Fe(Cy,NU  -I-  4H0,  which  is  readily  obt^ned  by  treating  2  [inrta  of  di 
powdered  fcrrocyanide  of  potassium  with  5  parts  of  common  nitric  act '  — 
TJousty  diluted  with  its  own  volume  of  water.  The  solution,  after  tbe  ei 
of  gas  ha.4  ceased,  is  digested  on  tbe  water-balh,  until  anile  of  protoxide  of  ilj 
no  longer  yield  a  blue  but  a  slate-colored  precipitate.  The  llqaid  la  now  allsnj 
to  oool,  when  muchnitiateofpotoasa,  and  occasionally  oxamide,  ia depotitotll, 
ia  filtered  and  neutralised  with  carbonate  of  soda,  which  yields  agraenorbw"^ 
precipitate,  and  furnishes  a  mby-coloted  fillrote.  This,  on  eraporation,  p* 
K,  crfatalliiatioii  of  nitrate  of  potassa  and  soda,  togetber  with  thenawM 
The  crystals  of  the  latter  are  selected  and  pnrified  by  eryslaliliatioa ;  tl 
are  rhombic,  and  of  a  splendid  mby  color.  Tbe  solubkt  nitropmssides  stri 
»  moat  beautiful  riolet  lint  with  soluble  sulphides.  This  reaction  is  rec< 
mended  by  Dr.  Flayfair  m  the  most  delicate  test  for  alkaline  snlphldes. 


The  elements  of  cyanogen  combine  with  sulphur,  forming  a  very  ... ,  _ 
uid  well'defined  salt-radical,  called  sidphoa/anogai,  which  ountaina  C^NS- ' 
la  monobasic ;  it  is  eipresaed  by  the  symbol  Cay. 

8iii>Ftl0CYAMDK  Ot  FOTASsiuM,  KCsy.  —  Yellow  ferTocyauide  of  potissi 

deprived  of  its  water  of  crystallization,  is  intimately  mixed  with  half  its  wd 

of  aulpbur,  and  the  whole  hented  tn  tranquil  fusion  in  an  iron  pot,  and  If 

for  some  time  in  that  condition.     When  cold,  the  melted  niu#a  ia  boiled  l 

«r,  which  dissolves  out  a  mixture  of  sulphocyauide  of  potaauuiu  and: 
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phocjiinicle  of  iron,  IciiTing  little  bebind  but  tho  eiccBS  of  enlphur  employed 
In  ths  eiperiineiit,  Tbis  HolutioD,  vhich  becotDBS  red  on  expaiiiire  to  the  ftir 
frslQ  tho  oxidfttion  of  Ihe  iron,  ia  miied  with  carbonate  of  potassn,  by  vbich 
tho  oxide  of  iron  ia  preRipilntoil,  and  potsesium  substituted ;  an  exoeas  of  the 
carbonate  must  be,  oa  far  as  pOBsible,  avoided.  The  filtered  liqaid  is  concen- 
trsled,  bj  evaporation  over  nn  open  fire,  to  »  small  bulb,  and  left  to  oool  and 
erystalUie.  Ths  crystals  nro  drained,  purified  b;  re-solution,  if  ueeessar;,  or 
dried  by  enclosing  them,  spread  on  filler-paper,  over  a  Burfaoe  of  oi!  of  vitriol, 
eovered  by  a.  beli-JBr. 

The  reaction  between  the  sulphur  and  the  elements  of  tbe  yellon  salt  ia 
ensilj  explained  ;  J  eq,  of  ferrooynuide  of  polasaiom,  and  6  eq.  sulphur,  yielded 
2  eq.  of  Bulphocyanide  of  potassium,  and  1  eq.  of  salphocyBnide  of  iron. 

C,N,FeK,  -I-  69  =  2(KC,NS,)  +  FeC^S.. 

Another  and  oven  better  process  consists  in  gradaallj'  heating  to  low  redness 
In  a  ooTcred  vesael  a  mixture  of  46  parts  of  dried  ferrooynnide  of  potaeBlnm, 
S2  of  snlpbnr,  and  17  of  pure  carbonate  of  potaasa.  The  masa  is  exhausted 
bf  water,  the  aqneoua  solution  evaporated  to  dryness  and  extracled  with 
Blcohol.     The  alcoholic  liquid  deposits  splendid  crystals  on  cooliog  or  evapo- 

The  new  ebU  crystalliies  in  long,  slender,  colorless  prisms,  or  plates,  which 
are  anhydroiUi  it  has  a  bitter  saline  taste,  and  is  destitute  of  poisonous  pro- 
perties; it  is  Tery  soluble  in  water  and  alcohol,  and  deliquesces  when  exposed 
to  a  moist  atmosphere.  When  heated,  it  fusaa  to  a  colorleas  liquid,  at  a  tem- 
perature far  belon  that  of  ignition. 

When  chlorine  is  passed  into  a  strong  solution  of  sulphocyanide  of  potas- 
■iam,  A  large  quantity  of  a  bulky,  deep  yellow,  inaolnhle  substance,  resem- 
bling some  varieties  of  chromate  of  lead,  is  produced,  together  with  chloride 
of  potassium,  which  tends  to  choke  up  the  tube  delivering  tbe  gas;  the  liquid 
■ODietinies  assumes  a  deep-red  tint,  and  disengages  a  pungent  vapor,  probably 
«hloride  of  cyanogen.  This  yellow  matter  may  be  collected  on  a  filter,  well 
W»<hed  with  boiling  water,  and  dried  ;  it  retains  its  brilliancy  of  tint  The 
tsnn  m^hoeyanogen  has  generally  been  applied  to  this  substnnoe,  from  its 
tappoaed  identity  with  the  radical  of  the  sulphocyanidcs:  it  ia,  however,  inva- 
riably found  to  contain  both  oxygen  and  hydrogen ;  and  a  tormnla  much  more 
'  coniptei  than  that  belonging  to  the  true  sulphocyanogen,  namely.  CgllgN^SgO, 
has  been  assigned  to  it.  The  yellow  substance  is  quite  insoluble  in  water, 
alcohol,  and  ether :  it  disaolvea  in  concentrated  sulphuric  acid,  from  which  it 
is  precipitated  by  dilution.  Gau^ic  potassa  also  dissolves  it,  with  deoompo- 
Bition;  aoida  throw  down  from  this  aolutjon  a  pale-yellow,  insolnble  body, 
hSTing  acid  properties.  When  heated  in  a  dry  atat«,  the  so-called  sulpho-oja- 
nogen  evolves  sulpbar  and  bisulphide  of  carbon,  and  leaves  a  curious,  pale 
atraw-yellow  substance,  called  raelloB,  which  contains  Cj^Nji,  and  is  known  to 
combine  with  hydrogen,  and  the  metals.  Mellon  bears  a  dull  red-heat  vrith- 
ont  decomposition,  but  ia  resolved  by  strong  ignition  into  a  mixture  of  cya- 
nogen and  nitrogen  gases.  It  ia  quite  insoluble  in  water,  alcohol,  and  dilute 
acids. 

HiDBOBULPBOCTASic  ACID,  HCsy,  IS  obtained  by  decomposing  sulphocya 
nide  of  lead,  suspended  in  water,  b;  aulphuretled  hydrogen.  The  filtered 
Bolotion  is  colorless,  very  a«id.  and  not  poisonous ;  it  is  easily  decomposed,  in 
a  very  complex  manner,  by  ebullitioTi,  and  by  exposure  to  the  air.  By  neu- 
tralising the  liquid  with  ammonia,  and  evaporating,  Tery  gently,  to  dryness, 
lulphoei/anide  of  ammonium,  NH^C^y,  is  obtained  as  a  deliquescent,  saline 
Uaaa.  Tbis  salt  may  be  oonvenientlj  prepared  by  digesting  hydrocyanic  acid 
with  yellow  sulphide  of  ammonium,  and  boiling  off  the  excess  of  the  latter 
tMe^grt-HCy^NHjCsy-l-HS).     The  Balpbocyanides  of  jorfiuft,  iariun.Hnnt- 
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(tun,  ealdiim,  manganai.  Bad  iron  *re  colorlras  and  iny  aaluble;  tboH  of 
had  ftQi)  aiver  ore  white  ikDd  ineolubte.  A  soluble  gulphocjanide.  mixed  nA 
•  mil  oF  the  eeeqaioiide  of  iron,  gives  no  precipitate,  bal  cSQaea  the  UqniitL 
to  BBSUiDe  a  deep  blood-red  tint,  h?ncD  the  oecasionBl  nee  of  9ulphiK]}'uule 
af  potiuBium  ^a  >  test  for  iron  in  the  st&le  of  eesquioxide.  The  red  eoV  ' 
projueed  b;  Eulpho«;aDidcB  ia  Balutian  of  seequiotide  of  iron  U  exactljlil 
that  CBaeed  under  aim ilir  ciraumBlancea  bjmeoonio  acid.  The  two  eiiiheUiic 
ma;,  boweier,  be  readil]!  dietiaguiahed  by  the  additioa  of  b  Bolation  of  chl 
ride  of  gold,  Tfhieh  dealroje  the  color  prodnced  bj  aulpboey snides.  The  m 
cooate  of  iron  inBj  also  be  distinguished  from  thu  snlphoo; snide,  u  N 
Everitl  has  sbowa,  h;  &□  additioo  of  comKuve  sublimBle,  which  bleaches  tl 
snlphocjaniite,  but  has  lillle  effect  apon  tbe  roeconate.  This  is  a  point  i 
considerable  practical  importance,  as  in  mcdioo-iegal  inquiries,  in  which  Bi 
deuce  of  the  presence  of  opiom  ia  sought  for  in  complei  orgBoio  miitnn 
tbe  detection  of  mccooic  acid  is  naually  the  object  of  tbe  chemist ;  ud  tda 
traces  of  alkaline  sulpbocyanide  are  to  be  found  in  the  aalira,  it  bCMfl 
Tery  desirable  to  romoTe  that  source  of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  acid  may  be  courerted  {nbi  a 
phocyanide  of  ammonioni  enables  ua  to  ascertain  its  presence  by  the  iron  It 
juat  deaoribod.  The  cyanide  to  be  examined  ia  mixed  in  a  watoh-glSM  iri 
some  hydrochloric  acid  and  covered  wilh  another  watch-glasa,  to  which  a  A 
dropa  of  yellow  sulphide  of  ammonium  adhere.  On  beating  the  miitnl 
bydroGyajiia  aoid  ia  disengaged,  which  combines  with  the  sulphide  of  amn 
nium,  and  produces  sQlphocyanide  of  ammoniiuD ;  this,  after  exptilsian  ' 
the  exaess  of  sulphide,  yields  the  red  color  with  aolutiun  of  seaquiebloiidi  i 

SiLanocTAiioolin. — A  serie^of  suits  containing  aelenium,  and  e 
Ing  in  their  composition  and  pfopertiea  with  the  sulphooyauidea,  exiit. 
have  been  studied  by  Mr.  Cruokea. 

Milan.  —  Such  ia  the  name  giren  by  Licbig  to  a  carious  bnff-colared, 
loluhle,  amorphoua  substancei  obtained  by  the  distiUation  at  a  high  tempen- 
tare  of  sulphocyanide  of  aiumoniuni.  It  maybe  prepared  in  large  quantiH' 
t)y  intimately  mixing  1  part  of  perfectly  dry  sulphooyauidD  of  potassium  wiW 
2  parts  of  powdered  sBl-ammouiac,  aud  heating  the  mixture  for  some  time  \ 
a  retort  or  flask;  biaulphide  of  carbon,  sulphide  of  ammonium,  and  suiphi 
retted  hydrogen  are  disengaged  and  volatilited,  while  a  mixture  of  mdaH 
chloride  of  potaaj>ium,  and  some  sal-ammoniac  remains;  tbe  two  latter  nd 
stances  are  remoTed  by  washing  with  hot  water.  Melam  contains  C^HgNQ 
it  disaolTCB  in  concentrated  sulphuric  acid,  and  gives,  by  dilution  with  waU 
and  long  boiling,  cyaiiuric  acid.  The  same  substance  is  prodnced  with  fl 
engagement  of  ammonia  when  melam  is  fnaed  wilh  hydrate  of  potaHO.  Wkl 
strongly  heated,  melam  \a  resolved  into  mcllon  and  ammonia. 

If  melam  bo  boiled  for  a  long  time  in  a  moderalely-atrong  solntion  of  caw 
tie  potaasa,  until  Ihewhitle  has  dissolved,  and  tlio  liquid  be  then  coneentratsJ 
B  oryslalline  subatance  aeparatea  on  cooling,  which  ia  called  mttamim.  Bj  fi 
oryatallixation  it  is  obtained  in  colorless  orysCals,  having  tho  fignre  of  an  M 
tahodron  with  rhombic  base ;  it  ia  hut  aUghtly  soluble  in  cold  water,  ninU 
by  heat,  and  volatile  with  ^Siiig  decomposition.  It  contains  C|HfIf^  ti 
acts  as  a  base,  combining  with  amda  to  cry atalli sable  compounds.  A  secol 
basic  substance  called  anmelmi,  very  similar  in  properties  to  nelamine, 
ftiund  in  the  alkaline  mother-liquor  from  which  the  melamine  has  aeparalM 
It  is  thrown  down  on  neutraliiing  the  liquid  with  acetic  acid.  Tbe  precipiM 
dissolved  in  dilute  nitric  acid,  yiekls  crystals  of  nitrate  of  ammeline,  fro 
whicli  tbe  pure  ammeline  may  be  neparated  by  ammonia.  It  forms  a  biilUa 
white  ponder  of  miuute  needles,  insoluble  in  water  and  alcohol,  and  contd 
C,H,N,U^  When  ammeline  is  diaaolved  in  concentrated  aulphnric  add,  tf 
lite  solution  mixed  with  a  large  quantity  of  water,  or,  better,  s[Mrit  of  irb 
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ft  white,  innoluble  powder  falls,  which  is  designated  ammelide,  and  is  found  to 
eontain  CigHgNgOg.  When  long  boiled  with  dilate  sulphuric  acid,  melamine, 
ammeline,  and  ammelide  are  conyerted  into  cyanuric  acid  and  ammonia. 

Mbllon  and  its  compounds. — The  formation  of  this  compound  as  a  re« 
nduary  product  of  the  action  of  heat  upon  the  so-called  sulphocjanogen,  and 
apon  melam,  has  been  mentioned.  This  substance,  which  it  would  appear 
has  neyer  been  obtained  in  a  state  of  purity,  possesses  the  properties  of  an 
organic  radical  At  a  high  temperature  it  combines  directly  with  potassium, 
producing  a  well-defined  saline  compound,  mellonide  of  potassium^  and  the 
same  salt  is  produced  in  the  action  of  mellon  upon  bromide  and  iodide  of 
potassium,  when  bromine  and  iodine  are  liberated.  A  better  process  of  pro- 
ducing mellonide  of  potassium  consists  in  fusing  crude  mellon  with  sulphocy- 
anide  of  potassium.  In  this  reaction  we  may  assume  that,  in  the  first  place, 
mellon  expels  the  sulphocyanogen,  which  in  its  turn  yields  a  fresh  quantity 
of  mellon  at  the  temperature  at  which  the  reaction  takes  place ;  mellonide  of 
potassium  may  therefore  be  produced  likewise  by  fusing  the  ferrocyanide  of 
potassium  with  half  its  weight  of  sulphur.  The  fused  mass  obtained  br 
either  process  is  dissolved  in  boiling  water,  from  which  the  mellonide  of 
potassium  crystallizes  on  cooling,  and  is  purified  by  repeated  crystallizationts. 
Mellonide  of  potassium  contains  K^CjgNjg.  Acetic  acid  converts  this  salt  into 
a  new  salt  still  soluble,  having  the  composition  KjHfCigN.j.  Hydrochloric 
add  produces  an  insoluble  compound,  KHjCjgN^.  These  three  salts,  it  will 
be  observed,  stand  to  each  other  in  the  same  relation  as  the  several  salts  of 
phosphoric  and  cyanuric  acid.  Mellonide  of  potassium  produces  with  soluble 
silver-salts  a  white  precipitate,  AggCigNj, ;  with  lead-salts  and  mercury-salts, 
precipitates  containing  respectively  PbjCjgNij,  and  HggCjgNig.  The  latter  dis* 
solved  in  hydrocyanic  acid,  and  treated  with  sulphuretted  hydrogen,  furnishes 
the  hydromellonic  acid,  HgCigN,..  It  is  only  known  in  solution,  which  has  an 
acid  taste ;  on  evaporation  it  is  decomposed. 
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These  bodies  are  closely  connected  with  the  cyanogen-compounds,  and  may 
be  most  conveniently  discussed  in  the  present  place. 

Ubba.  —  Urea  may  be  extracted  from  its  natural  source,  the  urine,  or  it 
may  be  prepared  by  artificial  means.  Fresh  urine  is  concentrated  in  a  water- 
bath,  until  reduced  to  an  eighth  or  a  tenth  of  its  original  volume,  and  filtered 
through  cloth  from  the  insoluble  deposit  of  urates  and  phosphates.  The 
liquid  is  mixed  with  about  an  equal  quantity  of  a  strong  solution  of  oxalic 
acid  in  hot  water,  and  the  whole  vigorously  agitated  and  left  to  cool.  A  very 
copious  fawn-colored  crystalline  precipitate  of  oxalate  of  urea  is  obtained, 
which  maybe  placed  upon  a  cloth  filter,  slightly  washed  with  cold  water,  and 
pressed.  This  is  to  be  dissolved  in  boiling-hot  water,  and  powdered  chalk 
added  until  effervescence  ceases,  and  the  liquid  becomes  neutral.  The  solu- 
tion of  urea  is  filtered  from  the  insoluble  oxalate  of  lime,  warmed  with  a  little 
animal  charcoal,  again  filtered,  and  concentrated  by  evaporation,  avoiding 
ebullition,  until  crystals  form  on  cooling  r  these  are  purified  by  a  repetition 
of  the  last  part  of  the  process.  Urea  can  be  extracted  in  great  abundance 
from  the  urine  of  horses  and  cattle  duly  concentrated,  and  from  which  the 
hippuric  acid  has  been  separated  by  the  addition  of  hydrochloric  acid ;  oxalic 
acid  then  throws  down  the  oxalate  in  such  quantity  as  to  render  the  whole 
semi-solid.  Another  process  consists  in  precipitating  the  evaporated  urine 
with  concentrated  nitric  acid,  when  nitrate  of  urea  is  precipitated,  which  is 
pnrified  by  recrystallization  with  animal  charcoal,  and  lastly  decomposed  bj 
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Wrbonste  of  barjta.  A  mixture  of  nilmt*  of  b«ryt«  anil  nrea  is  tWati, 
irliicli  if  evuparaled  To  drjaeiis  on  the  water-balh,  and  exhausted  with  akoligt 
from  which  (he  uroa  crjatitUlies  nn  coaling. 

Bit  artificial  meanB  nriiB  is  prodaced  bj  heating  snintion  of  cysoale  of  UB; 
maniA.  The  fallowing  iDcthod  of  procuediDg  yields  it  in  any  qnsatlty  Ila 
e*D  be  desired.  Cjanate  of  polaesa,  prepared  by  Liebig's  prooesB,'  is  fi 
•olTed  in  a  Bmall  qanntity  of  water,  and  a  qunntitj  of  dry  neatral  Bulphi 
of  ammoDia,  equal  in  weight  to  the  cjsiiate,  added.  The  whole  is  eTaportt 
to  drynoBS  in  a  waler-balh,  and  the  dry  residue  boiled  with  strong  aloohi 
which  disfolTcs  out  the  nren,  leuriiig  Ihe  gnlphate  ill  potABHU  and  the  aiM 
of  BUlpbale  of  ammonia  niitouched.  The  Altered  solution,  eoncentraUd  1 
dielilling  off  a  portion  of  the  spirit,  deposit;  the  area  in  beaalirol  cryBtaltl 
CODSiiterable  magnitude. 

Urea  forms  transparent,  colorlesa.  four-sided  prisniB,  which  are  aoloUe 
an  equal  weight  of  cold  water,  and  in  a  much  smnUer  quantity  at  a  high  M 

Etrature.  It  ia  also  ruadily  diagolved  by  alcohol.  It  ia  inodoroaa,  hna  ■  Ml 
g  aaliae  taste,  and  is  permanent  in  the  air,  unless  tlie  latter  be  ^erj  dan 
1Then  healed  it  melts,  and  at  a  higher  temperature  deoompiieoa  with  en>littii 
of  ammonia  and  uyanale  of  ammonia ;  cyanurio  acid  remains,  which  beat) 
much  greater  heat  without  change.  The  solution  of  urea  ib  neutral  to  M 
paper ;  it  is  not  deeompused  in  the  cold Jiy  alkuUos  or  by  hydrate  of  lime,  1 
M  a  boiling  heat  emits  ammonia,  and  fbrma  a  oiLrbonate  of  the  ban.  1 
same  change  happens  by  fusion  with  the  Alkaline  hydrates.  Brougbt  IJ 
contact  with  nitrous  aciil,  it  is  decomposed  instantly  into  a  miitnre  of  tii 
gen  and  carbonic  acid  gasea :  this  deeompasilion  eipluius  the  use  of  urn 
preparing  nitric  ether  (see  page  373).  With  clilorine  it  yields  hydrMhlfl 
acid,  nitrogen  and  carbonic  acid.  CryBEallixeit  urea  is  anhydrous:  it  oontri 
(^IlfNgO(,  or  the  eltmenti  ef  eyanate  of  oxide  of  ammonium.  It  differs  fri 
oarbunate  of  ammonia  by  Ihe  elements  of  water;  hence  it  might  with  bM 
propriety  be  cnlled  carbamide.  It  is  easily  con  verted  into  carbonate  of  am* 
nia  by  asaimilating  the  oxygen  and  hydrogen  of  2  cq.  of  water.  A  solnti 
of  pure  area  sliows  no  tendency  to  change  by  keeping,  and  is  not  decoi 
posed  by  boiling:  in  the  urine,  on  the  other  band,  where  it  is  aaaooiated  m 
putrefiable  organic  matter,  as  mucus,  the  caae  ia  different.  Ia  putrid  mi 
DO  urea  ean  be  foutid,  bat  enoagh  carbonate  of  ammonia  to  cause  brisk  efll 
TGScence  with  an  acid  ;  and  if  urine,  in  a  recent  state,  be  long  boiled,  it  ^1 
off  ammonia  and  carbonic  acid  iWim  the  same  source. 

Urea  acts  as  a  salt-base;  with  nitric  acid  it  forms  a  sparingly-soluble  so 
poond,  whioh  crystalliies,  wben  pure,  in  small,  indistinct,  colorless  pi ' 
containing  single  equivalents  of  urea,  nitric  acid,  and  water.  When  o 
leBS  nitric  acid  is  added  to  urine,  ooticentmtsd  to  a  fourth  or  a  Biilh  of ' 
Tolume,  and  cold,  the  nitrate  crystnllixes  out  in  large,  brilliant,  yellow  lai  ' 
which  are  Tery  insoluble  in  the  acid  liquid.  Ihe  prodaclion  of  this  n 
ia  highly  charaeteristio  of  urea.  The  oxalate,  when  pure,  crystalUHB 
large,  transparent,  oolorless  plates,  which  have  an  acid  reaction,  and  ) 
spariugty  soluble;  it  contains  an  equiraleut  of  water.  Urea  forms  li 
oompounda  with  metallic  Baits,  e.  j.,  with  those  of  mercury.  On  mii_..^ 
liquid  containing  nrea  with  a  aolatioa  of  nitrate  of  protoxide  of  mereoiT^ 
white  precipitate  takes  place,  which  ia  n  compound  of  urea  with  4  eq.  of  ]^ 
oxide  of  mercury.  If  the  nitric  acid,  which  ia  thus  set  free,  bo  neulnlil 
by  the  addition  of  an  alkali  or  bnryta-wfitur,  the  whole  of  the  area  is  : 
moTed  from  the  liquid  iu  the  form  of  the  above  compouuds.  Prof.  Lletn^ 
whom  we  are  indebted  for  this  obaervaiioii,  bos  bused  upon  this  deporlmei 
procesii  of  determining  the  amount  of  uren  in  urine.  The  details  of  1 
method,  which  ia  equally  interesting  to  the  chemist  and  tiie  physiologijit,  b 
been  published.' 

'Swp^^lW  >JwKDal<iItluCUwBikaIgagli^,*g^ri.|>L 
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A  BwieB  of  liubBtauaeB  annlogous  to  nren  nhioh  bave  latelj  been  discOTered 
uid  ilescribeil  under,  the  naino  of  mctbirlamine-urea.  ethylamine-iirOH,  biothyl- 
ainine-ui-ea,  &o.,  will  tic  nolicfd  iji  the  seclion  on  the  Vegeto-alkalies. 

C&ic,  or  LiTmc  acid.  ~  Thiit  U  a  produet  of  the  eniniiil  orgnni^m,  and  haa 
neier  baeii  formed  b;  artificial  aieana.  It  laay  be  prepared  from  hnman 
nrine  by  coDcentniitioii,  luid  iidditiou  of  hydroohlorio  acii);  it  crfBtailiies  oat 
after  some  tiins  ia  the  form  of  small,  reddish,  tmoaluoeut  grains,  very  difficult 
to  purify.  A  muoh  preferable  inetbgd  is,  to  employ  the  solid  white  eioremeot 
of  serpenla,  vhioh  can  be  easily  procured:  this  cnnsists  niraoat  entirely  ot 
ario  BCid  and  urate  of  ammonia.  It  ia  reduced  to  powder,  and  boiled  in 
dilute  solation  of  caustic  potassa,  the  liqnid,  filtered  from  the  ineignificant 
residue  of  feculent  matter  and  earthy  pboBphntee,  is  mixed  with  excess  of 
Iiydrootiloric  acid,  boiled  for  a  few  minutes,  and  left  to  eool.  The  product  ia 
aollected  on  a  Alter,  nasbed  until  free  from  chloride  of  polasesitnu,  and  dried 
b;  gentle  heat. 

Uric  acid,  thus  obtained,  forms  a.  glisteuing,  snow-white  powder,  tasteless, 
inodorous,  and  vtrg  sparingly  soluble.     It  is  seen 
under   the    microsope    to    oonsiat   of  minute,  but  Up  180. 

TBgular  oryslala.     It  diasolves  in  coucentrated  sul-  ^^ 

phario  acid  without  apparent  deeompoeltiun,  and  is  ^^  /^^J  ftf^ 

Srecipitaled  by  dilution  with  water.    By  dei-tmctive  ^^  "vt^  n 

istlllBtioa,  urio  noid  yields   cyanic,  hydrocyunio,        ^^^Si^^C^Q 
kud  oarboiiio  acido,  carbonate  of  nmmonia,  and  a  '^?V^ 

I|ta<d(  couly  residue,  rich  in  nitrogen.     By  fusion      j..^/''^  If 
itltli  hydrate  of  potnssa.  it  famiahea  onrbonatc  and      '^J/^- 
%UialB  of  the  basB,   and  cyanide  of   the  alkaline        e'  {%  ^  t^-  __, 
meUI.     When   treated   with   nitric   acid   and  with  y^  c\  *^ 

Unoxide  of  load,   it  uudei-goee  deooni position  in  a  *<^  ^-^  Q 

Bunner  to  be  presently  described. 

tJrie  acid  ia  fonnd  by  analysis  to  contain  C,i,H,N,0„2H0.     It  is  a  biboaio 

Tha  only  salts  of  uric  acid  that  have  attracted  nny  attention  are  thos» 
of  th«  alkalies ;  acid  urait  o/potaiia  contains  KO,HO,CioH,fJ40( ;  it  is  deposited 
from  a  but,  uaturaled  solution  of  uric  acid  in  the  diluM  alkali  as  a  while, 
■pari Dgly -soluble  concrete  muss,  composed  of  minute  needles;  it  requires 
sbont  600  pTts  of  cold  water  for  solution,  is  rather  more  soluble  at  a  high 
temperature,  and  much  more  soluble  in  excess  of  alkali.  Uralt  of  loda 
resembleB  the  salt  of  polassa;  it  forms  the  chief  constituent  of  the  gouty 
eoncretioDS  jn  the  joints  called  dtalk-tinnti,  Uralt  of  ammonia  is  also  a 
■paringly-aoluble  oomponnd,  requiring  for  the  purpose  about  1000  parts  of 
eold  water;  the  solubility  is  very  much  increas^  by  the  presence  of  a  small 
quantity  of  certain  salts,  as  chloride  of  sodium.  This  is  the  most  common  of 
tile  urinary  deposits,  forming  a  buff-colored  or  pinkish  cloud  or  muddiness, 
which  disappears  by  re-aolntioa  when  the  urine  is  warmed ;  the  secretion 
from  which  this  ia  deposited  has  an  acid  reaction.    It  occurs  also  as  a  calculua. 

The  following  substances  result  from  the  oxidation  of  uric  acid  by  binoiide 
of  lead  and  nitric  acid :  they  are  some  of  the  most  beautiful  and  interesting 
bodies  known,  most  of  which  have  been  discoTered  by  Liebig  and  WShler. 

Allabtoih.  —  Allontoin  occurs  ready-formed  in  the  allantoic  liquid  of  the 
f<Btal  oalf.  It  is  produced  artificially  by  bailing  together  water,  uric  acid, 
tnd  pure,  freshly-prepared  binoxide  of  lead:  the  filtered  liquid,  duly  con- 
centrated by  eTaporation,  deposits  crystals  of  allaritoin  on  cooling,  which  are 
purified  by  re-solutioa  and  the  use  of  animal  charcoal.  It  forms  small,  but 
most  brilli^iut  prismatic  crystals,  which  arc  transparent  and  colorless,  destitnta 
of  taste,  and  without  action  on  vegi'tuhle  colors.  Allantoin  dissolves  in  lliO 
|iarts  of  cold  wilier,  and  in  a  snxHiler  qimnlity  at  the  boiling  temperature.  Il 
is  decuioposed  by  boiling  with  nililc  iicid,  and  by  oil  of  vitriol  when  o 
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^^^m  tivted  mtd  hot,  being  in  thU  case  rosoWed  IdId  nnimonia,  carbonia  arad,  ul 

^^^1  oarbonie  oxide.     Heated  with  CDQceDtrftt«d  Holutian  of  caustic  alknliea,  it  i| 

^^^K  deoomposed  into  animouiA  und  oxalic  acid,  which  latter  cambinea  viCli  tM 

^^^H  llaBe.     These  reactiona  are  explained  b;  the  snalyua  if  the  aubstanco,  nUA 

^^^M  (hows  it  to  be  compoeed  of  the  elemeuta  tif  two  efiuivnlents  of  dxalate  ( 

^^^H  «xide  of  aDHDonium  ninui  thoee  of  five  Bquivalenta  of  water,  or  C^H-N^ 
^^^H       The  prodaction  of  aUaatoin  from  uric  aoid  nnd  binoxide  of  lead  U  al. 

^^^1  ferfeotlj  inlelligible :   1  eq.  of  urio  acid,  3  eq,  of  oxygen  from  Ibe  biaooM 

^^^V  lud  5  eq.  of  vntcr,  conlniii  the  elements  oraUaaloin,  2  eq.  of  oxalio  acid,    '*^* 


I 
I 


The  insoluble  matter  from  which  the  solution  of  allantoin  ia  liltered  consltt 

ereat   part  of  □Inlato  of  leailj    »nd  the  motber-Iiqaor,   from  which  Xtik 

erjHtals  of  allantoin  have  separated,  jielda,  on  further  Bvaporation,      '  "" 

quantitj  of  pure  urea. 

. r,*-Thia  is  the  chsraeteriiitic  product  of  the  aation  of  conoeatntl 

on  uric  acid  in  the  cold.     An  acid  is  prepared,  of  sp.  gt.  1-45, 1 
thereaboats,  and  placed  in  a  eballow  open  basin:   into  this  a  third  afj 
weight  of  dry  uric  acid  is  thrown,  by  ainnll  portiona,  with  constant  a^ts^ 
care  being  taken  that  the  temperature  never  rises  to  any  considerable  um 
The  uric  noid  at  first  diBKolvea  witli  copioua  elferve!^ceuce  of  carbonic  add  t' 
nitrogen,  and  eienlnaUy  the  whole  becomes  a  mass  of  iriiile.  cryatalline,  pal 
nntter.     This  is  left  tu  atand  some  houra,  drained  from  the  acid  liquid  hi 
funnel  whose  neck  is  stopped  with  powder  and  fragments  of  glass,  andatt 
wards  more  effeolnnlty  dried  upon  a  porous  tile.     This  is  alliaan  in  a  at. 
Itate  1  it  is  purilled  by  solution  in  a  email  quantity  of  water,  and  orystalUlttu 
Alloinn  crystallizes  with  facility  from  a  hot  and  concentrated  solution,  el 
BOffered  to  cool,  in  solid,  hard,  anhydrous  crystals  of  great  regularly,  t 
are  transparent,  nuarly  colorless,  have  a  high  degree  of  lustre,  and  the  t 
of  a  modified  rhombic  octahedron,      A  oold  solution,  on  the  other  band,  It 
evaporate  spontaneously,  depoaita  large  foliated  crystals,  which  contain  i 
of  water ;  they  effloresce  rapidly  in  the  air.   Alloxan  is  very  eoluble  in  waU 
the  solution  has  an  acid  reaction,  a  disagree  ably-astringent  taste,  and  sis 
the  akin,  after  a  time,  red  or  parple.     It  is  decomposed  by  alkalies,  and  Ix 
by  oxidizing  and  deoxidizing  agents;  its  most  charnoteristic  proper^  is  tl 
oT  forming  a  deep-blue  compound  with  a  Bait  of  protoxide  of  iron  and  an  alkl 

Alloxan  eontaina  C^H^NgOu;  its  produolion  is  tbua  illualra^d:  1  eq. 
uric  acid,  2  eq.  of  water,  and  2  eq.  of  nitric  acid  contain  the  elements 
ftlloxan,  2  eq.  of  carbonic  acid,  2  eq.  of  free  nitrogen,  and   1   eq.  of  nitn 

" +*2l*H5,NO^r'^ }  =  C,il.N,0„  +  2C0.  -|-  N.  +  NH.O.NOr 

When  to  a  solution  of  alloxan,  healed  to  140°  (6()°C),  baryta-wnler  is  adit 
IB  long  as  the  precipitate  first  produced  redieaolics,  and  the  filtered  aoluf 
)g  then  left  to  cool,  a  substance  is  deposited  in  small,  colorlesa,  pearly  oi^sU 
which  consista  of  baryta  in  combination  with  a  new  acid,  the  Moxanie.  Fr 
this  xalt  the  base  may  be  separated  by  the  cantioos  addition  of  dilute  I 
phurio  acid:  the  filtered  liqnid  by  gentle  eTaporation  yields  alloianio  acid 
smnll  radiated  needles.  It  haa  an  aoid  taste  and  reaotion,  decomposes « 
bonates,  and  disaolTea  line  with  disengagement  of  hydrogen.  It  is  a  bih* 
Uf>-f  and  ooDlains  in  the  hydrnted  state  C,ll,N,l)rZllU  j  lienoe  it  1b  isuM 
with  alloxan.  The  alloxanates  of  the  alkaliea  ore  freely  soluble;  those  of  I 
eurlhs  dissoWe  in  a  large  quantity  of  tepid  water,  and  thai  of  illTer  is  qi 
inaolulile  and  anhydrona. 
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If  a  warm  saturated  solution  of  alloxanate  of  baryta  be  heated  to  ebullition, 
»  precipitate  falls,  which  is  a  mixture  of  carbonate  and  alloxanate  of  baryta, 
with  an  insoluble  salt  of  a  second  new  acid,  the  mesoxalic ;  the  solution  is  found 
to  contain  unaltered  alloxanate  of  baryta  and  urea.  Mesoxalic  acid  is  best 
prepared  by  slowly  adding  solution  of  alloxan  to  a  boiling-hot  solution  of 
acetate  of  lead:  the  heavy  granular  precipitate  of  mesoxalate  of  lead  thus 
produced  is  washed  and  decomposed  by  sulphuretted  hydrogen ;  urea  is  also 
formed  in  this  experiment.  Hydrate  of  mesoxalic  acid  is  crystallizable ;  it 
has  a  sour  taste  and  powerfully-acid  reaction,  and  resists  a  boiling  heat ;  it 
forms  sparingly-soluble  salts  with  baryta  and  lime,  and  a  yellowish  insoluble 
compound  with  oxide  of  silver,  which  is  reduced  with  effervescence  when 
gently  heated.  This  remarkable  acid  contains  as  hydrate  Cy04,2HO,  and  is 
consequently  bibasic ;  it  is  formed  by  the  resolution  of  alloxan  into  urea,  and 
2  eq.  of  mesoxalic  acid : 

CgH^NaOio  +  4H0  =  CjH^NjOi  +  2(2HO,C,04). 

When  ammonia  in  excess  is  added  to  a  solution  of  alloxan,  the  whole  heated 
to  ebullition,  and  afterwards  supersaturated  with  dilute  sulphuric  acid,  a 
yellow,  light  precipitate  falls,  which  increases  in  quantity  as  the  liquid  cools. 
This  is  mykomdinic  add;  it  is  but  feebly  soluble  in  water,  easily  dissolved  by 
ftlkalies,  and  forms  a  yellow  compound  with  oxide  of  silver.  Mykomelinic 
acid  contains  C^H^N^Og;  it  is  produced  by  the  conversion  of  alloxan  and  2 
€q.  of  ammonia  into  1  eq.  of  mykomelinic  acid  and  6  eq.  of  water. 

Pasabanic  acid«  < —  This  is  the  characteristic  product  of  the  action  of 
Inoderately-strong  nitric  acid  on  uric  acid  or  alloxan,  by  the  aid  of  heat ;  it  is 
convenifintly  prepared  by  heatiug  together  1  part  of  uric  acid-  and  8  parts  of 
nitric  acid  until  the  reaction  has  nearly  ceased ;  the  liquid  is  evaporated  to  a 
syrupy  state,  and  left  to  cool ;  the  acid  is  drained  from  the  mother-liquor  and 
purified  by  recrystallization.  Parabanic  acid  forms  beautiful  colorless,  trans- 
parent, thin,  prismatic  crystals,  which  are  permanent  in  the  air ;  it  is  easily 
soluble  in  water,  has  a  pure  and  powerfully  acid  taste,  and  reddens  litmus 
strongly.  Neutralized  with  ammonia,  and  mixed  with  nitrate  of  silver,  it 
giyes  a  white  precipitate.  Crystallized  parabanic  acid  contains  04N204,2HO ; 
its  production  is  thus  explained :  1  eq.  of  uric  acid,  4  eq.  of  water,  and  4  eq. 
of  oxygen  from  the  nitric  acid,  yield  1  eq.  of  parabanic  acid,  4  eq.  of  carbonic 
acid,  and  2  eq.  of  ammonia ;  or,  alloxan  and  2  additional  equivalents  of  oxygen 
furnish  1  eq.  of  parabanic  acid,  2  eq.  of  carbonic  acid,  and  2  eq.  of  water. 

The  alkaline  parabanates  undergo  a  singular  change  by  exposure  to  heat : 
If  a  solution  of  the  acid  be  saturated  with  ammonia,  boiled  for  a  moment,  and 
then  left  to  cool,  a  substance  separates  in  tufts  of  beautiful  colorless  needles ; 
this  is  the  ammonia-salt  of  an  acid  called  the  oxaluric.  The  hydrated  acid  is 
procured  by  adding  an  excess  of  dilute  sulphuric  acid  to  a  hot  and  strong 
solution  of  oxalurate  of  ammonia,  and  cooling  the  whole  rapidly.  It  forms  a 
white,  crystalline  powder,  of  acid  taste  and  reaction,  capable  of  combining 
with  bases ;  the  salts  of  baryta  and  lime  are  sparingly  soluble ;  that  of  silver 
crystallizes  from  the  mixed  hot  solution  of  nitrate  of  silver  and  oxalurate  of 
ammonia  in  long,  silky  needles.  Oxaluric  acid  is  composed  of  C^HgNjO^jHO: 
or  the  elements  of  1  eq.  of  parabanic  acid,  and  2  eq.  of  water.  A  solution  of 
oxaluric  acid  is  resolved  by  ebullition  into  free  oxalic  acid  and  oxalate  of  urea. 

Thionubic  aoxd,-.*-A  cold  solution  of  alloxan  is  mixed  with  a  saturated  soln 
tion  of  sulphurous  acid  in  water,  in  such  cfuantity  that  the  odor  of  the  gas 
remains  quite  distinct ;  an  excess  of  carbonate  of  ammonia  mixed  with  a  little 
caustic  ammonia  is  then  added,  and  the  whole  boiled  for  a  few  minutes.  On 
cooling,  thio;suraie  of  ammonia  is  deposited  in  great  abundance,  forming  beau- 
tiful colorless,  crystalline  plates,  which  by  solution  in  water  and  recrystallixa- 
tion  acquire. a  fine  pink  tint  A  solution  of  this  salt  gives  with  acetate  of  lead 
a  precipitate  of  insoluble  thionurate  of  the  oxide  of  that  metaU  wldftk  vk  ^X 
4J 


I 
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lint  wliite  and  geUlinous.  but  Hhortlj  bccomea  dense  &Dd  cr jatalliiis  i  b 
ttlls  oamponnil  tie  hjdraleil  ncid  mii;  be  obtstned  bj  the  aid  of  EUlphanil 
hydrt^en.  It  fonns  a  vhile.  crjstalline  mass,  permaneat  in  llie  ur,  v 
■oluhlo  in  wnter,  of  acid  tnple  and  rv&otion,  and  capable  of  combining  dirM 
with  bseee.  Wlien  its  solution  Is  heated  U)  the  boiling-point  it  nndergoea  i 
oompoBitJon,  jielding  sulphuric  acid,  nnd  &  Ter;  peculiar  nnd  nearl;  ineotsl 
mbstuiee,  called  iiranii7(.  Thionario  acid  la  bibasic;  the  fajdrate  conluT^ 
C,H,N,S,0h,2M0  :  or  the  elemenls  of  allozan,  an  equiTalent  of  amiooDia,  H 
2  eq.  of  BU^hnroun  acid. 

Ubamilb. — The  prodoot  of  ibe  deeompopition  by  heat  of  bjdrated  thianm 
acid.     Thionnrate  of  aro'nDnia  ia  diaeolied  in  bot  water,  mixed  vith  a 
excess  of  hjdrochlario  acid,  and  the  whole  boiled  in  a  f  aak  :  a  white,  ( 
line  Bobetance  begiue  in  a  few  moments  to  eepuriLte,  which  iocreases  ii 
tjtj  until  the  contents  of  the  TeBi<Gl  often  becomes  Femi-solid  :  tl ' 
[     After  cooling.  It  is  eollected  on  a  filler,  washed  with  cold  water  I 
lulphnrio  acid,  and  dried  by  gentle  bent,  duiing  wbicb  it  frequo 
I     pinkish.     Examined  h;  a  lens,  it  ia  eoen  to  cooiiat  of  minute  acicalai  a; 
tsls.     II  is  tnsteleBE  and  nearly  insoluble  in  water,  bnt  diasoNes  in  : 
and  tbe  flied  alkalies.     The  ammoniucitl  solution  becomes  purpla  ii 
It  is  decomposed  by  strong  nitric  acid,  alloian  and  nitmlB  of  ammoi 
generated.    Cramile  conlHins  r,H,N,0, ;  or  thionurio  acid  mintu  the  eletn 
of  3  eq.  of  sulphuric  aoid. 

Ubakii.io  Acm. — When  a.  cold  sntumtcd  Bolution  of  thionnrate  of  amm 
ia  mixed  with  dilute  aulphurlc  aeid,  and  evaporated  in  a  water-bnth,  ioa 
of  uramile,  nnolher  sobi'taiice.  ummiiie  acitl,  ia  farmed  and  deposited  in  dei  _ 
colorless  prisms,  soluble  in  9  pnrls  of  cold  VBler.     Uramilic  acid  disBOlTfri 
ttoncenlrnted  anlphuric  acid  without^ipporenl  decompoaition  ;  it  has  •  f 
acid  taste  and  reaction,  nnd  combines  with  bnsvs.     The  salta  of  the  l 
are  euily  soluble  j  tboae  of  tbe  earths  much  lens  so,  and  that  of  the  oi 
niier  is  insoluble.     (Jramiiia  acid  contniua  C||1T„,N.0„  ;  2  eq.  of  uramiU  B 
8  eq.  of  water  contain  the  elements  of  uranulic  acid  and  1  eq.  of  al 
It  is  a  sabstance  difficult  of  preparation, 

ALLOXANTiN.  —  Thia  ia  the  chief  product  of  the  action  of  hot  dihdftnt 
acid  upon  uric  acid:  the  surest  and  beat  method  of  prepaHng  it,  itowent, 
by  passing  a  stream  of  sulphuretted  hydrogen  gaa  through  n  moderately-stn 
and  cold  solution  of  alloian.  The  impure  mother-liquor  from  which  ibe  W^^^ 
tals  of  alloxan  hnve  separated  answers  tbe  purpose  perfectly  well :  itisdihi 
with  a  little  water,  Bod  a  copioag  stream  of  gna  transmitted  through  it.  S 
phur  ia  deposited  in  lai^e  quantity,  mixed  with  a  white,  crystalline  subslan 
which  is  the  alloiantin.  The  product  ia  drained  upon  a  filter,  slightly  wubi 
and  then  boiled  in  water:  the  filtered  eoiulion  deposits  the  alloxantin  on  M 
ing.  Alloiantin  forms  amall,  four-sided,  oblique  rhombic  prisms;,  colorl 
and  transparent ;  it  is  soluble  with  difficulty  in  cold  water,  but  more  frtelj' 
t  boiling  temperature.  The  solution  reddens  litmus,  gives  with  baryta-wl 
a  violet-colored  precipitate,  which  dieappenrs  on  heating,  nnd  when  inii 
with  nitrate  of  silver  produces  a  black  precipitate  of  metallic  siWer.  Heii 
with  chlorine  or  nitric  acid,  it  is  changed  by  oxidation  to  alloxan.  The  m; 
tals  become  rid  nhen  exposed  to  ammonincnl  Tapors.  Alloiantin  contt 
CiII,N,0|,;  or  alloinn  plui  I  eq.  of  hydrogen. 

This  substance  is  readily  decomposed:  when  a  stream  of  sulphnraB 
hydrogen  is  passed  tbrongh  a  boiling  solution,  sulphur  ia  deposited  and 
acid  litgnid  prodnced,  supposed  to*contniD  a  new  acid,  to  wliich  tbe  twin' 
lurie  is  applied.  When  neutraliied  b;  ammonia  it  yields  a  salt  which  trjtl 
tiiGs  in  colorless,  silky  ncedlea,  containing  NH,O.C,N,0,  +  3H0.  They  bew 
deep-red  when  heated  to  212°  (100°C)  in  the  air.  A  hot  saturated  soloti 
of  nlloiiindn  mixed  with  a  neuirnl  salt  of  ammonia  instantly  assumes  a  pml 
color,  which  however  quickly  vanishes,  and  the  liquid  becomes  luthid  tn 
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Ihe  formation  of  uramlle ;  the  liquid  is  then  found  to  contain  alloxan  and  free 
acid.  With  oxide  of  silver  alloxantin  disengages  carbonic  acid,  reduces-  a  por- 
tion of  the  metal,  and  converts  the  remainder  of  the  oxide  into  oxalurate. 
Boiled  with  water  and  binoxide  of  lead,  alloxantin  gives  urea  and  carbonate 
of  lead. 

MuBBXiDB ;  PUKruRATB  OF  AMMONIA  OP  De.  Prout,  -~  There  are  several 
different  methods  of  preparing  this  magnificent  compound.  It  may  be  made 
directly  from  uric  acid,  by  dissolving  that  substance  in  dilute  nitric  acid, 
evaporating  to  a  certain  point,  and  then  adding  to  the  warm,  but  not  boiling 
liquid,  a  very  slight  excess  of  ammonia.  In  this  experiment  alloxantin  is  first 
produced,  which  becomes  afterwards  partially  converted  into  alloxan:  the 
presence  of  both  is  requisite  to  the  production  of  murexide.  This  process  is, 
however,  very  precarious,  and  often  fails  altogether.  An  excellent  method  if 
to  boil  for  a.  few  minutes  in  a  flask  a  mixture  of  1  part  of  dry  uramile,  1  part 
of  red  oxide  of  mercury,  and  40  parts  of  water,  to  which  two  or  three  drops 
of  ammonia  have  been  added ;  the  whole  assumes  in  a  short  space  of  time  an 
intensely  deep-purple  tint,  and  when  filtered  boiling-hot,  deposits  on  cooling, 
splendid  crystals  of  murexide,  unmixed  with  any  impurity.  A  third,  and 
perhaps  even  still  better  process  is  that  of  Dr.  Gregory :  7  parts  of  alloxan 
and  4  parts  of  alloxantin  are  dissolved  in  240  parts  of  boiling-water,  and  the 
sointion  added  to  about  80  parts  of  cold,  strong  solution  of  carbonate  of  am- 
monia ;  the  liquid  instantly  acquires  such  a  depth  of  color  as  to  become 
opaque,  and  gives  on  cooling  a  large  quantity  of  murexide ;  the  operation 
sacceeds  best  on  a  small  scale. 

Murexide  *  crystallizes  in  small  square  prisms,  which  by  reflected  light 
exhibit  a  splendid  green  metallic  lustre,  like  that  of  the  wing-cases  of  the 
rose-beetle  and  other  insects :  by  transmitted  light  they  are  deep  purple-red. 
It  is  soluble  with  difficulty  in  cold  water,  much  more  easily  at  a  boiling  tem- 
perature, and  is  insoluble  in  alcohol  and  ether.  Mineral  acids  decompose  it 
with  separation  of  murexafij  and  caustic  potassa  dissolves  it,  with  production 
of  a  most  magnificent  purple  color,  which  disappears  when  the  solution  is 
boiled.  Murexide  contains,  according  to  Liebig  and  Wohler,  CigHgN^Og ;  its 
production  may  be  thus  explained :  —  4  eq.  of  uramile  and  6  eq.  of  oxygen 
ftrom  the  protoxide  of  mercury  give  rise  to  2  eq.  murexide,  1  eq.  of  alloxanio 
acid,  and  4  eq.  of  water. 

4CsH4N,Oe  +  60  =  2C,aHeN508  +  CeH,Nj08.2HO  +  4H0. 

Or,  on  the  other  hand,  1  eq.  of  alloxan,  2  eq.  of  alloxantin,  and  4  eq.  of 
ammonia,  yield  2  eq.  of  murexide  and  14  eq.  of  water. 

CsH4N,0,o  +  2C8H5N,0,o  +  4NH,  =  20,^-^^!^^^,  +  14H0. 

MuKEXAM ;  PURPURIC  ACID  OP  Dr.  Prout.  —  Liebig  directs  this  substance 
to  be  prepared  by  dissolving  murexide  in  caustic  potassa,  heating  the  liquid 
until  the  color  disappears,  and  then  adding  an  excess  of  dilute  sulphuric  acid. 
It  separates  in  colorless  or  slightly-yellowish  scales,  nearly  insoluble  in  cold 
Water.  In  ammonia  it  dissolves,  and  the  solution  acquires  a  purple  color  by 
exposure  to  the  air,  the  murexide  being  then  reproduced.  Murexan  is  said  to 
Contain  C8H4N2O5.  This  substance  and  its  relation  to  murexide  require  re>ex- 
amination.  < 

A  series  of  substances  closely  related  to  the  derivatives  of  uric  acid  will  be 
noticed  under  the  head  of  Caffeine  (see  page  490). 

Connected  with  uric  acid  by  similarity  of  origin,  but  not  otherwise,  are  two 
enrious  and  exceedingly  rare  substances  called  xanthic  oxide  and  cystic  oxide. 

*  So  called  firom  the  Tyrian  dye^  said  to  have  been  prepared  from  a  species  of  mwrtx^  a  diell- 
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Xanihic  oxide  was  discoTercd  by  Dr.  Marcet ;  it  occurs  as  an  urinaTy  caU 
cuius,  of  pale-brown  color,  foliated  texture,  and  waxy  lustre,  and  is  extracted 
by  boiling  the  pulverized  stone  in  dilute  caustic  potassa  and  precipitating  bj 
carbonic  acid.  The  xanthic  oxide  falls  as  a  white  precipitate,  which,  on  dry- 
ing, becomes  pale  yellow,  and  resembles  wax  when  rubbed.  It  is  nearly  in- 
soluble in  water  and  dilute  acids.  Its  characteristic  property  is  to  di^kt 
without  evolution  of  gas  in  nitric  acid,  and  to  give  on  evaporation  a  deep* 
yellow  residue,  which  becomes  yellowish-red  on  the  addition  of  ammonia  oi 
solution  of  potassa.     Xanthic  oxide  gives  on  analysis  C^H^NgOg. 

Cystic  oxide. — Cystic  oxide  calculi,  although  very  rare,  are  more  frequently 
met  with  than  those  of  the  preceding  substance ;  they  have  a  pale  color,  a 
concentric  structure,  and  often  a  waxy  external  crust.  The  powdered  cal- 
cuius  dissolves  in  great  part  without  effervescence  in  dilute  acids  and  alka- 
lies, including  ammonia ;  the  ammoniacal  solution  deposits,  by  spontaneous 
'  evaporation,  small  but  beautiful  colorless  crystals,  which  have  the  form  of 
six-sided  prisms  and  square  tables.  It  forms  a  saline  compound  with  hydro- 
chloric acid.  Caustic  alkalies  disengage  ammonia  from  this  substance  by  con- 
tinued ebullition.   Cystic  oxide  contains  sulphur ;  it  is  composed  of  Cfi^^^ 


Uric  acid  is  perfectly  well  characterized,  even  when  in  very  small  quantity, 
by  its  behavior  with  nitric  acid.  A  smaU  portion  heated  with  a  drop  or  two 
of  nitric  acid  in  a  small  porcelain  capsule  dissolves  with  copious  effervescence. 
When  this  solution  is  cautiously  evaporated  nearly  to  dryness,  and,  after  the 
addition  of  a  little  water,  mixed  with  a  slight  excess  of  ammonia,  the  deep- 
red  tint  of  murexide  is  immediately  produced. 

Impure  uric  acid,  in  a  remarkable  state  of  decomposition,  is  now  imported 
into  this  country,  in  large  quantities,  for  use  as  a  manure,  under  the  name  of 
guano  or  huano.  It  comes  from  the  barren  and  uninhabited  islets  of  the 
western  coast  of  South  America,  and  is  the  production  of  the  countless  birds 
that  dwell  undisturbed  in  those  regions.  The  people  of  Peru  have  used  it  for 
ages.  Guano  usually  appears  as  a  pale-brown  powder,  sometimes  with  whit- 
ish specks ;  it  has  an  extremely  offensive  odor,  the  strength  of  which,  how- 
ever, varies  very  much.  It  is  soluble  in  great  part  in  water,  and  the  solution 
is  found  to  be  extremely  rich  in  oxalate  of  ammonia,  the  acid  having  been 
generated  by  a  process  of  oxidation.  Guano  also  contains  a  peculiar  snb- 
stance  called  guanine^  which  closely  corresponds  with  xanthic  oxfde.  Like 
area  it  combines  with  acids  forming  a  series  of  crystalliiable  salts,  Goanini 
contains  Cn^H^^O^. 
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Thb  Tegeto-alkalis,  alkaloids^  or  organic  bases,  |Bonstitate  a  remarkable  and  * 
lost  iuteresting  group  of  bodies :  they  are  met  with  in  various  plants,  always 
a  combination  with  an  acid,  which  is  in  many  cases  of  peculiar  nature,  not 
ecurring  elsewhere  in  the  vegetable  kingdom.  They  are,  for  the  most  part, 
plaringly  soluble  in  water,  but  dissolve  in  hot  alcohol,  from  which  they  often 
rystallize  in  a  very  beautiful  manner  on  cooling.  Several  of  them,  however, 
kre  oily,  volatile  liquids.  The  taste  of  these  substances,  when  in  solution,  is 
Lfioally  intensely  bitter,  and  their  action  upon  the  animal  economy  exceed- 
ugly  energetic.  They  all  contain  a  considerable  quantity  of  nitrogen,  and 
jre  very  complicated  in  constitution,  having  high  combining  numbers.  This 
ilass  of  bodies  is  very  numerous.  The  limits  of  this  elementary  work  permit 
IS  to  study  only  the  more  important  members  of  this  group. 

None  of  the  organic  bases  occurring  in  plants  have  yet  been  formed  by  arti- 
Icial  means ;  analogous  substances  have,  however,  been  thus  produced. 

MoRPmNB,  OB  MORPHIA. — This  is  the  chief  active  principle  of  opium ;  it  is 
he  best  and  most  characteristic  type  of  the  group,  and  the  earliest  known, 
lating  back  to  the  year  1804,  when  it  was  discovered  by  Serturner. 

Opium,  the  inspissated  juice  of  the  poppy-capsule,  is  a  very  complicated 
mbstance,  containing  besides  morphine  a  host  of  other  alkaloids  in  very 
rariable  quantities,  combined  with  sulphuric  acid  and  an  organic  acid  called 
neeonie  acid  (see  page  454).  In  addition  to  these,  there  are  gummy,  resinous, 
knd  coloring  matters,  caoutchouc,  &c.,  besides  mechanical  impurities,  as 
shopped  leaves.  The  opium  of  Turkey  is  the  most  valuable,  and  contains  the 
argest  quantity  of  morphine;  the  opiums  of  Egypt  and  of  India  are  con- 
iiderably  inferior.  It  has  been  produced  in  England  of  the  finest  quality, 
)ut  at  great  cost. 

If  ammonia  be  added  to  a  clear,  aqueous  infusion  of  opium,  a  very  abun- 
lant  buff-colored  or  brownish-white  precipitate  falls,  which  consists  princi- 
)ally  of  morphine  and  narcotine,  rendered  insoluble  by  the  withdrawal  of 
he  acid.  The  product  is  too  impure,  however,  for  use.  The  chief  difficulty 
Q  the  preparation  of  these  substances  is  to  get  rid  of  the  coloring  matter, 
rhich  adheres  with  great  obstinacy,  redissolving  with  the  precipitates,  and 
»eing  again  in  part  thrown  down  when  the  solutions  are  saturated  with  an 
Ikali.  The  following  method,  which  succeeds  well  upon  a  small  scale,  will 
erve  to  give  the  student  some  idea  of  a  process  very  commonly  pursued  when 
:  is  desired  to  isolate  at  once  an  insoluble  organic  base,  and  the  acid  with 
^hich  it  is  in  combination :  —  A  filtered  solution  of  opium  in  tepid  water  is 
lixed  with  acetate  of  lead  in  excess ;  the  precipitated  meconate  of  lead  is 
eparated  by  a  filter,  and  through  the  solution  containing  acetate  of  morphine, 
ow  freed  to  a  considerable  extent  from  color,  a  stream  of  sulphuretted  hydro- 
en  is  passed.  The  filtered  ,and  nearly-colorless  liquid,  from  which  the  lead 
.as  been  thus  removed,  may  be  warmed  to  expel  the  excess  of  gas,  once  more 
Lltered,  and  then  mixed  with  a  slight  excess  of  caustic  ammonia,  which 
hrows  down  the  morphine  and  narcotine :  these  may  be  se^gexatAdb^V^^^^^^ 
41* 
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ether,  in  irhich  the  latter  is  eolnblc.  The  meconate  of  lead,  well  waehevl, 
suspended  in  water,  and  decomposed  by  sulphuretted  hydrogeOf  yields  sola* 
tion  of  nicconic  acid. 

Morphine  and  its  salts  are  advantageously  prepared,  on  the  large  scale,  by 
the  process  of  Dr.  Gregory.  A  strong  infusion  of  opium  is  mixed  with  a 
Boluticn  of  chloride  of  calcium,  free  from  iron ;  meconate  of  lime,  which  is  nearly 
insoluble,  separates,  while  the  hydrochloric  acid  is  transferred  to  the  alka* 
loids.  ISy  duly  concentrating  the  filtered  solution,  the  hydrochlorate  of  mo^ 
phine  may  be  made  to  crystallize,  while  the  narcotine,  and  other  bodies,  are 
left  behind.  Repeated  recrystallization,  and  the  use  of  animal  charcoal,  then 
suffice  to  whiten  and  purify  the  salt,  from  which  the  base  may  be  precipitated 
in  a  pure  state  by  ammonia.  Other  processes  have  been  proposed,  as  that 
of  M.  Thiboumery,  which  consists  in  adding  hydrate  of  lime  in  excess  to  an 
infusion  of  opium,  by  which  the  meconic  acid  is  rendered  insoluble,  while  the 
*  morphine  is  taken  up  with  ease  by  the  alkaline  earth.  By  exo^fZy  neutralizing 
the  filtered  solution  with  hydrochloric  acid,  the  morphine  is  precipitated,  bat 
in  a  somewhat  colored  state. 

Morphine,  when  crystallize4  from  alcohol,  forms  small  but  Tery  briUiavt 
prismatic  crystals,  which  are  transparent  and  colorless.  It  requires  at  least 
1000  parts  of  water  for  solution,  tastes  slightly  bitter,  and  has  an  alkaline 
reaction.  These  effects  are  much  more  eyident  in  the  alcoholic  solution.  It 
dissolves  in  about  80  parts  of  boiling  alcohol,  and  with  great  facility  in  dilute 
acids ;  it  is  also  dissolved  by  excess  of  caustic  potassa  or  soda,  but  scarcely  by 
excess  of  ammonia.  When  heated  in  the  air,  morphine  melts,  inflames  like  s 
resin,  and  leaves  a  small  quantity  of  charcoal,  which  easily  bums  away. 

Morphine  in  powder  strikes  a  deep-bluish  color  with  neutral  salts  of  sefl' 
quioxide  of  iron,  decomposes  iodic  acid  with  liberation  of  iodine,  and  forms 
a  deep-yellow  or  red  compound  with  nitrip  acid  :  these  reactions  are  by  some 
considered  characteristic. 

Crystallized  morphine  contains  CjiHjgNOj  -j-  2H0. 

The  most  characteristic  and  best-defined  salt  of  this  substance  is  the  htfdro- 
chlorate.  It  crystallizes  in  slender,  colorless  needles,  arranged  in  tufts  or 
stellated  groups,  soluble  in  about  20  parts  of  cold  water,  and  in  its  own 
weight  at  a  boiling  temperature.  The  crystals  contain  6  eq.  of  water.  The 
iulphatej  nitrate,  and  phosphate  are  crystalUzable  salts  ;  the  acetate  crystallizes 
with  great  difficulty,  and  is  usually  sold  in  the  state  of  a  dry  powder.  The 
artificial  meconate  is  sometimes  prepared  for  medicinal  use. 

Narcotine. — The  marc,  or  insoluble  portion  of  opium,  contains  much  na^ 
cotine,  which  may  be  extracted  by  boiling  with  dilute  acetic  acid.  From  the 
filtered  solution  the  narcotine  is  precipitated  by  ammonia,  and  afterwards 
purified  by  solution  in  boiling  alcohol,  and  filtration  through  animal  charcoal 
Narcotine  crystallizes  in  small,  colorless  brilliant  prisms,  which  are  nearly 
insoluble  in  water  The  basic  powers  of  narcotine  are  very  feeble ;  it  is  desti- 
tute of  alkaline  reaction,  and,  although  freely  soluble  in  acids,  refuses,  for 
the  most  part,  to  form  with  them  cry  stall!  zable  compounds. 

According  to  Dr.  BIyth  narcotine  contains  C^HgsNOi^. 

Narcotine  yields  some  curious  products  by  the  action  of  oxidizing  agents, 
as  a  mixture  of  dilute  sulphuric  acid  and  binoxide  of  manganese,  or  a  hot 
solution  of  bichloride  of  platinum.  They  have  been  chiefly  studied  by 
"Wohler  and  Blyth,  and  lately  also  by  Anderson.  The  most  important  of  these 
is  opianic  acid,  a  substance  forming  colorless,  prismatic,  reticu^ited  crystals, 
sparingly  soluble  in  cold  water,  easily  in  hot.  It  melts  when  heated,  but  does 
not  sublime.  After  fusion  it  becomes  quite  insoluble  in  dilute  alkalies,  hot 
without  change  of  composition.  This  acid  forms  crystallizable  salts  and  so 
ether ;  it  contains  CjQHgO^JIO.  The  ammonia-salt,  by  evaporation  to  dryness, 
yields  a  nearly-white  insoluble  powder,  called  opiammon,  containing  C^J^O^  . 
tonvertible  by  strong  acids  into  opianic  acid  and  ammonia.    Bulphuroos  •cid 
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yields  with  opionio  acid  two  products  contiining  sulphur.  A  mixture  of 
binoxide  of  lead,  opianio  acid,  and  sulphuric  acid,  gives  rise  to  a  crystallizable 
bibasic  acid  termed  hemipinie  €icidy  containing  C2oHgOio,2HO.  A  basic  sub- 
stance, eotamine  CJiJ^O^,  is  contained  in  the  mother-liquor  from  which 
f^pianio  acid  has  crystallized ;  it  forms  a  yellow  crystalline  mass,  very  soluble, 
1^ bitter  taste,  and  feebly-alkaline  reaction.  Its  hydrochlorate  is  a  well-de" 
fined  salt.  Another  basic  substance,  narcogenine,  was  accidentally  produced 
in  an  attempt  to  prepare  eotamine  by  bichloride  of  platinum.  It  formed 
long  orange-colored  needles,  and  contained  CsglTjgNOjo. 

CoDEiHC. — Hydrochlorate  of  morphine,  prepared  directly  from  opium  as  in 
Chregory's  process,  contains  codeine-salt.  When  dissolved  in  wAtcr.  and 
mixed  with  a  slight  excess  of  ammonia,  the  morphine  is  precipitated,  and  the 
eoddne  left  in  solution.  Pure  codeine  crystallizes,  by  spontaneous  evapora- 
tion, in  colorless  transparent  octahedra ;  it  is  soluble  in  80  parts  of  cold,  and 
17  of  boiling  water,  has  a  strongly-alkaline  reaction,  and  forms  crystallizable* 
Bdts. 

Codeine  is  composed  of  C^HjiNOf ;  it  is  homologous  to  morphine.  This 
base  has  lately  been  the  subject  of  a  careful  investigation  by  Dr.  Anderson, 
who  has  prepared  a  great  number  of  its  derivatives,  all  of  which  establish  the 
fbrmnla  giyea. 

Thbbainb  OB  PABAMOBPHiNE.  —  This  substauce  is  contained  in  the  precipi- 
tate formed  by  hydrate  of  lime  in  a  strong  infusion  of  opium  in  Thiboumery*B 
process  for  morphine.  The  precipitate  is  well  washed,  dissolved  in  dilute 
add,  and  mixed  with  ammonia  in  excess,  and  the  thebaine  thrown  down 
eryntallized  from  alcohol.  It  forms  when  pure  colorless  needles  like  those  of 
narcotine,  but  sparingly  soluble  in  water,  readily  soluble  in  the  cold  in  alco- 
hol and  ether.  It  melts  when  heated,  and  decomposes  at  a  high  temperature. 
With  dilate  acid  it  forms  crystallizable  compounds,  and  when  isolated  and  in 
solation  has  a  powerfully-alkaline  reaction.  The  composition  of  thebaine  is 
C«H„NOe. 

A  series  of  other  bases,  papaverine,  pseudo-morphine^  narceine,  meconine^  opi' 
mime,  kdA phorphyroxtne,  are  also,  at  least,  occasionally,  contained  in  opium; 
tliey  are  of  small  importance,  and  comparatively  little  is  known  respecting 
them.  Papaverine  contains  C4oH2,N08.  A  considerable  number  of  deriva- 
tires  of  papaverine  have  been  prepared  which  confirm  this  formula. 

CiNCHONiNB  (Cinchonia)  and  Quimivb  (Quinia).  —  It  is  to  these  vcgeto- 
alkalis  that  the  valuable  medicinal  properties  of  the  Peruvian  barks  are  due. 
They  are  associated  in  the  bark  with  sulphuric  acid,  and  with  a  special  acid, 
not  found  elsewhere,  called  the  kinic.  Cinchonine  is  contained  in  largest 
quantity  in  the  pale  bark,  or  Cinchona  condaminea  ;  quinine  in  the  yellow  bark, 
Of  Cinehona  eordifolia;  the  Cinchona  ohlongifolia  contains  both. 

The  simplest,  but  not  the  most  economical,  method  of  preparing  these  sub- 
stances, is  to  add  a  slight  excess  of  hydrate  of  lime  to  a  strong  decoction  of 
the  ground  bark,  in  acidulated  water ;  to  wash  the  precipitate  which  ensues, 
a&d  boil  it  in  alcohol.  The  solution,  filtered  while  hot,  deposits  the  vegeto- 
alkali  on  cooling.  When  both  bases  are  present,  they  may  be  separated  by 
Converting  them  into  sulphates ;  the  salt  of  quinine  is  the  least  soluble  of  the 
two,  and  crystallizes  first. 

Pore  cinchonine,  or  cinchonia,  crystallizes  in  small,  but  beautifully  brilliant, 
transparent,  four-sided  prisms.  It  is  but  very  feebly  soluble  in  water,  dis- 
solves readily  in  boiling  alcohol,  and  has  but  little  taste,  although  its  salts  are 
^zoessively  bitter.  It  is  a  powerful  base,  neutralizing  acids  completely,  and 
forming  a  series  of  crystallizable  salts.  Cinchonine  turns  the  plane  of  polar!- 
tation  to  the  right 

Qonine,  or  quinia,  much  resembles  cinchonine ;  it  does  not  crystallize  so  well, 
however,  and  is  much  more  soluble  in  water ;  its  taste  is  intensely  bitter 
Quiiuiie  tunui  the  plane  of  polarization  towards  the  \eit. 
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Suipialt  ofguinini  is  maDufactared  on  a  ver;  large  scale  for  medicinal  me  | 
tl  erjstalliiea  in  amall  vbitc  needles,  wbicli  give  a  neutral  solnUon.  T" 
BubstaocB  coDtaias  CbHjuN.Oj.OO.SO,  +  7H0.  The  eolnbiUtj  oT  this  oi 
pound  IB  much  insreBseubj  tbe  addition  of  »  Utile  enlpbnric  acid,  irhereby  Uie 
kdd  EBit  CaH|,N^,,HO.SO,SO,SO, -)-14U0  is  formed.  A  very  inlBre>tiii| 
eompound  has  teen  produced  by  Dr.HerapBtb,  by  tbe  Bction  of  iodine  npon  th« 
[■■Bipbate  of  qainine.  Il  is  a  crystalline  Bubslanoe  of  a  brilliant  emerald  color, 
[*Vbich  appears  to  consist  nf  equnl  equivalents  of  the  9u1pbate  of  qainine  aad 
of  iodine.  This  remarkiible  compound  possesaes  the  optical  properties  of  tlit 
tnlnoral  tanrmalitie.     (See  page  66). 

QuiNtDiMB  (Quioidia).  —  Id  manufaoturiog  sulphate  of  quinine, 
has  been  obtained,  vhich  diSera  from  quinine,  in  some  of  its  physical  properliei, 
but  is  said  to  have  the  same  composition  as  quinine.  It  has  been  described 
under  the  name  of  guinidinr,  and  appears  (o  have  the  sajne  medicinal  propels 
ties  aB  quinine.  This  subEtance  has  lately  been  carefully  examined  bj  M. 
Pasteur,  and  his  researchee  hare  led  to  the  folloviog  intereBting  result*. 

The  Bubstance  nhicb  is  found  in  commerce  under  the  name  of  quinidinell 
generally  a  mixture  of  tvo  alkaloids,  of  'which  Clie  one  is  isomeric  with  qgi- 
nine,  and  the  other  isomerio  with  cincbonine.  M.  PsBleur  deEigoates  th  "" 
two  substances  respectively  as  gvinidint  and  eitichotiiditie.  Thoy  differ  fi 
quiniufl  and  ciaehotiine  in  scTeral  minor  properties,  but  particularly  iotheil 
deporluient  vith  polariied  light,  for  while  quinine  tarns  the  plane  of  poluf' 
lation  considerably  toirards  the  Irfl,  quinidine  exerts  a  powerful  action  fai 
wards  the  right.  Ag^n,  while  oiDchonine  deflects  considerably  towards  111 
right,  the  acdon  of  the  isomeric  cincbonidine  is  in  tbe  oppoaite  dlreeliia^-' 
namely,  towards  the  l*/C.  It  is  evident  that  quinine  and  quinidine  on  the  WT 
hand,  and  cincbonidine  and  cincbonine  on  tlie  other,  atnnd  to  each  other  iD' 
about  the  same  relation  as  levo-  and  dextro-racemic  acids  (see  page  m).\ 
Hor  are  the  terms  wanting  which  correspond  to  racemic  acid  itself.  U.  Pag** 
t«nr  has  in  fact  proTcd,  that  both  quinine  aud  quinidine,  and  likewise  cinchtHn 
nine  and  cincbonidine,  are  peculiarly  modified  by  the  action  of  heat;  expoMd'. 
for  BCTeral  hours  to  a  temperature  inrying  between  248°  and  2613°  (120°  and  1 
1S0°C),  quinine  and  qninidine  are  conTertcd  into  a  third  isomeric  alkaloid,' 
which  M.  Pasteur  terms  quiniemi,  while  cincbonine  and  cincbonidine  fDmish' 
nn  isomerio  einchonidni  under  the  same  circnmstnnceB.  In  racemic  aoid 
Tight-handed  action  of  dexlru-racemic,  and  the  left-handed  actiou  of  le 
ncemic  acid,  aro  exactly  balanced,  raoemio  add  possessing  no  longer  aigi. 
aotioD  apuD  polarized  light:  in  tbe  two  new  products,  quinicine  and  cIddIkh 
nicine,  such  a  perfect  balance  is  not  observed,  both  still  exert  a  feeble  rij^t-' 
handed  action,  which  is,  however,  very  ehght  when  compared  with  tbe  powcM 
cf  the  alkaloids,  which  give  rise  to  them.  The  following  table  exhibits  tb*- 
relations  of  the  six  alkaloids,  and  their  analogy  with  the  racemic  group,  iat 
laore  oonapicuous  manner :  — 


Quinine 

Quinicine 

Quinidine 

Ltft-ha«dtd. 

KiyU-handid, 

Rigbl-handid, 

poKir/ullj/. 

fiMy. 

Cincbonicine 

Cincbonidine 

Eighl-kandid, 

RisU-kanded, 

Ufi-handtd, 

very  paatrfnUy. 

SttUy. 

pcK^fMy. 

Deilro-racemio 

Bacemio  acid 

Levo-racemio 

(tartnrio)  acid 
ttiglu-halidtd. 

noUraL 

acid 

Lt/i-hmdtd. 
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Chinoiduu,  guinoidine,  or  amorphoiis  quinine,  is  contaiued  in  the  refuse,  or 
nother-Hquors  of  the  qainine  manufacture.  In  its  purest  state  it  forms  a 
yellow  or  brown  resin-like  mass,  insoluble  in  water,  freely  soluble  in  alcohol 
and  ether.  It  is  easily  solubU  also  in 'dilute  acids,  and  is  thence  precipitated 
by  ammonia.  Quinoidine  possesses  powerful  febrifuge  properties,  and  is 
identioal  in  composition  with  qainine.  It  evidently  bears  to  quinine  the 
same  relation  that  nncrystallizable  syrup  does  to  ordinary  sugar,  being  pro* 
daoed  from  quinine  by  the  heat  employed  in  the  preparation. 

From  Chueth-  or  Artka-bark,  and  likewise  from  the  Cinchona  ovata,  or  white 
ptmquma  of  C!ondamine,  a  substance  denominated  aricine,  or  cinchovatine^  has 
been  extracted ;  it  closely  resembles  cinchonine,  and  contains  CgQHij^Oj.  II 
this  formnia  be  donbled,  it  exhibits  a  close  analogy  with  the  formulte  of 
cinchonine  and  qainine,  differing,  in  fact,  from  the  latter  only  by  containing 
two  more  eqaivalents  of  oxygen. 
This  sabstance  is  useless  in  medicine. 

Strtohnine  and  brucinb,  also  called  strychinaand  brucia,  are  contained 
in  Nux  vomiccL,  in  St.  Ignatiui  bean,  and  in  false  Auguetura  bark;  they  are 
associated  with  a  peculiar  acid,  called  the  igasuric,  Nux-vomica  seeds  are 
boiled  in  dUate  salphuric  acid  until  they  become  soft ;  they  are  then  crushed, 
and  the  expressed  liquid  mixed  with  excess  of  hydrate  of  lime,  which  throws 
down  the  alkaloids.  Th6  precipitate  is  boiled  in  spirit  of  wine  of  sp.  gr. 
0*850,  and  filtered  hot.  Strychnine  and  brucine  are  deposited  together  in  a 
colored  and  impure  state,  and  may  be  separated  by  cold  alcohol,  in  which  the 
latter  dissolves  readily. 

Pore  strychnine  crystallizes  under  favorable  circumstances  in  small  but 
exceedingly  brilliant  octahedral  crystals,  which  are  transparent  and  colorless. 
It  has  a  very  bitter,  somewhat  metallic  taste  (1  part  in  1,000,000  parts  of 
water  is  still  perceptible),  is  slightly  soluble  in  water,  and  is  fearfully  poison- 
DOS.  It  dissolves  in  hot,  and  somewhat  dilute  spirit,  but  neither  in  absolute 
alcohol,  ether,  nor  in  solution  of  caustic  alkali.  This  alkaloid  may  be  readily 
identified  by  moistening  a  crystal  with  concentrated  sulphuric  acid,  and 
adding  to  the  liquid  a  crystal  of  bichromate  of  potassa,  when  a  deep  violet 
tint  is  produced,  which  disappears  after  some  time.  Strychnine  forms  with 
acids  a  series  of  well-defined  salts,  which  were  examined  by  Messrs.  Nicholson 
and  Abel,  who  established  for  strychnine  the  formula,  €42^82^2^4* 

Brucine  is  easily  distinguished  from  the  preceding  substance,  which  it  much 
resembles  in  many  respects,  by  its  ready  solubility  in  alcohol,  both  hydrate 
and  absolute.    It  dissolves  also  in  about  500  parts  of  hot  water.     The  salts 
of  brucine  are,  for  the  most  part,  crystallizable. 
Brucine  contains  O^Hg^N^Og. 

Ykkatrinb  or  veratria  is  obtained  from  the  seeds  of  Veratrum  sabadilla 
In  its  pure  state  it  is  a  white  or  yellowish-white  powder,  which  has  a  sharp 
burning  taste,  and  is  very  poisonous.   It  is  remarkable  for  occasioning  violent 
sneezing.     It  is  insoluble  in  water,  but  dissolves  in  hot  alcohol,  in  ether, 
and  in  acids;   the  solution  has  an  alkaline  reaction.     Veratrine  contains 

A  substance  called  colchicine,  extracted  from  the  Colchicum  auiumnale,  and 
formerly  confounded  with  veratrine,  is  now  considered  distinct ;  its  history 
is  yet  imperfect. 

Harmaline.  —  This  compound  is  extracted  by  dilute  acetic  acid  from  the 
seeds  of  the  Feganum  harmala,  a  plant  which  grows  abundantly  in  the  Step- 
pes of  Southern  Russia,  and  the  seeds  of  which  are  used  in  dyeing.  When 
pure,  it  forms  yellowish  prismatic  crystals,  soluble  in  alcohol  and  dilute  acids, 
but  scarcely  forming  crystallizable  salts.   By  oxidation  it  gives  rise  to  another 

*■  [Several  of  these  bases  may  be  distinguished  by  nitric  acid.  Brucia  becomes  bright  red, 
which  is  soon  chuiged  to  purple  by  chloride  of  tin.  Pure  strychnine  becomes  yellow.  Veratria, 
orange  red,  soon  changing  to  yellow.  Morphia,  bright  red,  changed  to  yellow  by  chloride  of 
tia.~B.  B.1 
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^^-    Oft 

^H  tufi 

I 


lioh  itself  pasaeBaea  bftsio  properties.     Tin 
unliae  contiLitis  C^H„N,Oi,  and  harmine  Cg^ngnjUr 
.  —  Thia  remnrkablo  BubBtaoce  occurs  iu  foar  arttoh 
of  dumesdo  lire,  infuaions  of  which  are  used  as  bBvamges  oror  the  gtttU 

o(  the  knawD  irortd,  namely,  ten  end  coffee,  and  in  the  leaves  of  G 
._^.  oglcinalii,  or  PaulUnia  torbilii,  and  in  those  of  Ilez  paTaguaj/mta ;  it 
frobftbl]'  be  foand  iu  other  plants.  A  decoction  of  common  tea,  or  of 
'Mffee-berrieB,  preTiouely  omshed,  ia  mixed  with  eicesa  of  solution  of  b; 

of  lead.  The  solution,  filtered  from  (he  oopious  jellow  or  greeniii 
precipitate,  is  treated  with  sulplmrclled  bjdrogea  to  remove  the  lead,  filtered 
•vnporated  to  a  small  bulk,  and  neutralized  b;  amraonia.      The  caffeine  Cijl 

oooling,  and  is  easily  purified  hy  animal  charcoal.      It  fora) 

tufu  of  delicate,  white,  silky  needles,  which  have  a  bitter  taste,  melt  w 
beated  with  loss  of  water,  and  sublime  without  decomposition.  T  ' 
in  about  1I>U  parts  of  oolU  water,  aod  mueh  more  easily  at  a  boiling  heat,  i 
if  an  acid  be  present.  Alcohol  also  dissolves  it,  but  not  easily.  Caff^ 
oontains  C-H^N^O^.  The  basic  properties  are  feeble.  The  salts  with  hyM 
ohiorio  ana  eulphuno  acid  are  obtained  only  with  difficulty.  It  forms,  half 
ercr,  splendid  double-salts  with  bichloride  of  platinum  and  terchloiicle  B 
gold.  The  products  of  oxidation  of  caffeine,  whidi  have  been  lately  stniUl 
by  Rochleder,  are  of  considerable  interest,  inasmuch  ns  both  their  compn 
tion  and  tbeir  properties  establish  a  close  ooonection  of  these  products  wil 
the  deiivativea  of  urie  acid.  Under  the  influence  of  ehlotine,  oaffeine  ji 
%  substance  of  feebly-acid  properties,  which  contains  C^H^NiOg.  This  oc 
id,  whiah  has  received  the  name  amaUc  acid,  is  homologous  to  alloxaad 
treated  with  oiidising  agents,  it  yields  chDlalrojihane,  Cj^EfSfif,  W 


«  _ 

responding  to  parabanio  acid  of  the  uric-acid  series.     Tbe  murezide  of 
caffeine  series  lastly  la  formed  by  the  treatment  uf  amalie  acid  with  ammo 
exactly  as  the  mureiide^ar  ezctlltnee  is  formed  by  the  action  of  ammi 
npoD  alloiantin.     The  new  murezide  imitates  its  prototype,  not  only  in  c 
position,  but  likewise  in  the  green  metallic  lustre  of  its  crystals,  and  the  di  ._, 
crimson  color  of  its  solutions.      The  homology  of  these  compounds  with  the 
members  of  tbe  uria-actd  series  is  well  illustrated  by  a  comparison  of  Ihai 
formula) :  — 


Alloiantin    .        .     CsHjNjO.-l- 2CjHi^C„H,r*,0j  Amalie  i 
Parabanio  acid      .     C,H,N,0,-f  2C,B,  =  C,||HBNjOjCholBa[rophane. 
Mureiide      .        .     CuHBNj08-f-3CaeB  =  C„Uu,N50,  Caffeine 


B-mureiide.  J 


I 


Thbobbomi:ie.  —  The  seeds  of  the  Thtobroma  cacao,  or  cncn 
which  chocolate  is  prepared,  contain  a  cryatalliiable  principle  to  whidh  d 
preceding  name  is  given.  It  is  aitracled  in  the  same  manner  as  caffeine,  u 
forms  a  white,  crystalline  powder,  which  is  much  less  soluble  than  the  Iu 
Darned  subatance.  It  contains,  according  to  Qlasson,  C^^HgN^O^.  Aeoardin^ 
it  is  homologous  to  caffeine.  The  prodncts  obtained  from  theobromine  I| 
oxidation  appear  to  be  likewise  hamologons  with  several  terms  of  the  ui 

BenuEuiKH.  —  A  substance  crystallizing  in  fine  yellow  needles,  sllgl 
soluble  in  water,  extracted  from  the  root  of  the  Berbrra  nulgarii.  It 
feeble  basic  properties,  and  contains  C^li|(NO|g,  This  must  not  be  c 
founded  with  bebterine,  an  uncrystalli sable  basic  substance,  from  the 
the  grten-htart  timber  of  Guiana,  which  bos  the  composition  t^n,,NO|. 

FiPKKiNB  — A  colorless,  or  slightly- jellow  erystalliiable  principle,  er*^ 
from   pepper   by  the  aid  of  alcohol.     It  is   insoluble   iu   water.    1 
C^H^NgOy.     Fiporioe  readily  dissolves  in  acid;  de£nite  oompoandi,  hi 
ever,  are  obtained  only  willi  difficulty, 
k      CotjiNi  (comoiHi,  or  cohia),  hiootihe,  and   bpaxtkinb   differ  trou  tl 
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other  vegetable  bases  in  physical  characters;  they  are  volatile  oily  liquids. 
The  first  is  extracted  from  hemlock,  the  second  from  tobacco,  and  the  third 
from  broom  iSpartium  scoparium).  They  agree  in  most  of  their  characters, 
having  high-boiling  points,  very  poisonous  properties,  strong  alkaline  reac- 
tion, and  the  power  of  forming  with  acids  crystallizable  salts.  The  formula 
of  nicotine  is  CjoH^N;  that  of  conine,  CigHjgN;  and  that  of  sparteine 
Ci^HiyN.  A  series  of  substances  as  it  appears  closely  related  to  nicotine  will 
be  mentioned  among  the  artificial  organic  bases. 

Closely  allied  to  conine  is  conydrine,  OigHj^NOj,  a  crystalline  base,  lately 
extracted  by  Wertheim  from  hemlock.  When  distilled  with  anhydrous  phos- 
phorio  acid,  it  splits  into  conine  and  2  eq.  of  water. 

The  basic  substance  obtained  from  the  juice  of  animal  flesh,  creatinine,  will 
be  found  described  among  the  components  of  the  animal  body. 

There  are  very  many  other  bodies,  more  or  less  perfectly  known,  having  to 
a  certain  extent  the  properties  of  salt-bases ;  the  following  statement  of  the 
names  and  modes  of  occurrence  of  a  few  of  these  must  suffice. 

ByoBcyamine  {^Daturine.)  —  A  white,  crystallizable  substance,  tvoimHyoscya" 
mtu  niger  :  it  occurs  likewise  in  Datura  stramonium. 

Atropine, — Colorless  needles,  from  Atropa  belladonna;  formula  C34HJJNO5.* 

Solanine. — A  pearly  crystalline  substance,  from  various  solanaceous  plants ; 
formula  C4aHa5NOi4.  (?) 

Aeonitine,  —  A  glassy,  transparent,  mass,  from  Aconitum  napellus;  formula 
CeoH47NO,4.« 

Ddphinine,  —  A  yellowish,  fusible  substance,  from  the  seeds  of  DelphiniurA 
ttaphiaagria. 

Emetine, — A  white  and  nearly  tasteless  powder  from  ipecacuanha  root. 

Curarine.  —  The  arrow-poison  of  Central  America. 


There  exists  an  extensive  series  of  neutral,  usually  bitter,  and  sometimes 
poisonous  vegetable  principles,  which  are  allied  in  some  measure  to  the  vege- 
table alkalis.  Some  of  these  are  destitute  of  nitrogen.  Three  of  the  number, 
salioin,  phloridzin,  and  populin,  have  been  already  described  (see  pages  442 
and  444) ;  the  most  important  of  the  remainder  are  the  following:  — 

Gbntianin.  —  The  bitter  principle  of  the  gentian  root,  extracted  by  ether. 
It  crystallizes  in  golden-yellow  needles,  is  sparingly  soluble  in  cold  water, 
more  soluble  in  hot  water,  and  freely  dissolved  by  alcohol  and  ether.  Its 
composition  is  C,4H505.  (?) 

Daphnin. — Extracted  from  the  bark  of  the  Daphne  mezereum  ;  it  forms  color- 
less, radiated  needles,  freely  soluble  in  hot  water,  alcohol,  and  ether. 

Hesperidin. — A  white,  silky,  tasteless  substance,  obtained  from  the  spongy 
part  of  oranges  and  lemons.  It  dissolves  in  60  parts  of  hot  water:  also  in 
alcohol  and  ether. 

Elatebin.  —  The  active  principle  of  Momordica  elaterium.  It  is  a  white, 
silky,  crystalline  powder,  insoluble  in  water.  It  has  a  bitter  taste,  and  ex- 
cessively violent  purgative  properties.  Alcohol,  ether,  and  oils  dissolve  it. 
Exposed  to  heat,  it  melts  and  afterwards  volatilizes.     It  contains  CjQHj^Og. 

Antiabin.  —  The  poisonous  principle  of  the  Upas  aniiar.  It  forms  small 
pearly  crystals,  soluble  in  27  parts  of  boiling  water,  and  also  in  alcohol,  but 
scarcely  so  in  ether ;  it  cannot  be  sublimed  without  decomposition.     Iniro- 

*  [Crystallizes  from  a  saturated  hot  aqueous  solution  in  silky  tufts ;  colorless,  inodorous, 
▼ery  bitler,  soluble  in  25  parts  of  ether,  2000  parts  cold  and  64  of  hot  water.  Has  a  strong 
alkaline  reaction,  and  forms  crystallizable  salts.   It  is  probably  identical  with  daturine.— H.  B.J 

*  [Crystallises  flrom  an  alcoholic  solution  in  small  grains;  soluble  readily  in  alcohol  ana 
ether,  and  also  in  100  parts  «  Id  and  50  boiling  water;  has  a  sharp,  bitter  taste,  and  alkaliat 
rt^ction.    Its  salts  are  not  crystallizable.— R.  B.] 
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duced  into  a  wound  it  rapidly  brings  on  yomiting,  eonyalsions,  and  death. 
Antiarin  contains  C|4H,q05. 

PiCROTOXiN.  —  It  is  to  this  substance  that  Coeeulua  indicus  owes  its  actiyd 
properties.  Ficrotoxin  forms  small,  colorless,  stellated  needles,  of  inexpres- 
sibly bitter  taste,  which  dissolve  in  25  parts  of  boiling  alcohoL  It  contains 
0^11.0,. 

Santonin.  —  This  substance  is  the  crystalline  principle  of  several  varieties 
of  Artemisia.  In  order  to  obtain  it,  the  seeds  are  crushed,  and  digested  with 
lime  and  spirit  of  wine,  when  a  yellow  liquid  is  obtained,  from  which  th« 
alcohol  is  separated  by  distillation.  The  residuary  liquid  is  saturated  with 
acetic  acid,  when  the  santonin  crystallizes.  The  substance  is  easily  soluble  in 
water  and  alcohol,  and  contains  C^^ifi^'  Santonin  possesses  the  character 
of  a  weak  acid. 

AsPABAGiN.  —  This  and  the  following  are  azotized  bodies.  Asparagin  is 
found  in  th^  root  of  the  marsh-mallow,  in  asparagus  sprouts,  and  in  several 
other  plants.  The  mallow-roots  are  chopped  small,  and  macerated  in  the  cold 
with  milk  of  lime ;  the  filtered  liquid  is  precipitated  by  carbonate  of  ammo* 
nia,  and  the  clear  solution  evaporated  in  a  water-bath  to  a  syrupy  state.  The 
impure  asparagin,  which  separates  after  a  few  days,  is  purified  by  recrystaUi- 
zation.  Asparagin  forms  brilliant,  transparent,  colorless  crystals,  which  have 
a  faint,  cooling  taste,  and  are  freely  soluble  in  water,  especially  when  hot 
When  dissolved  in  a  saccharine  liquid,  which  is  afterwards  made  to  ferment, 
when  heated  with  water  under  pressure  in  a  close  vessel,  or  when  boiled  with 
an  acid  or  an  alkali,  it  is  converted  into  ammonia  and  a  new  acid,  the  <upa^ 
tic.  Asparagin  contains  CgHgN^O^,  and  aspartic  acid  CgH^NOg.  The  re- 
markable relation  in  which  these  substances  stand  to  malic  acid  has  been 
already  noticed  under  the  head  of  malic  acid  (see  page  458). 


OBOANIO   BASES   OF  ABTIFIOIAL  OBIQIN. 

The  constitution  of  the  alkaloids,  which  occur  ready  formed  in  nature,  ii 
not  yet  clearly  understood.  The  fact  that  all  these  substances  contain  nitro« 
gen,  —  the  alkaline  reaction,  which  the  greater  part  of  them  exhibits  with 
vegetable  colors,  and  especially  their  faculty  of  combining  with  acids  to 
crystallizable  salts,  establish  an  obvious  relation  between  the  alkaloids  and 
ammonia.  This  has  never  been  doubted,  and  the  views  of  chemists  have 
been  divided  only  as  to  the  nature  of  this  relation.  At  a  certain  time  Bene' 
lius  assumed  that  all  the  alkaloids  contained  ammonia  ready  formed,  and  that 
their  basic  properties  were  due  to  this  ammonia.  According  to  this  view  the 
formulae  of  quinine  and  morphine  would  be  — 

Quinine C4oH24Nj04  =  C4oHg,NO.,NHy 

Morphine C34H,gN08  =  Cg4H,gOg,NHj. 

This  view,  in  the  general  form  in  which  it  was  proposed,  is  certainly  inad* 
missible.  It  is  supported  by  very  scanty  experimental  evidence,  and  wai 
never  universally  adopted.  There  may  be  some  alkaloids  so  constituted  as  to 
be  represented  by  the  theory  of  Berzelius.  There  are,  however,  a  great 
many,  the  constitution  of  which  is  obviously  different.  Several  of  these  sub- 
stances have  been  lately  the  subject  of  extensive  and  careful  inquiries ;  but 
these  researches,  although  they  have  established  their  formulsB,  and  increased 
our  knowledge  regarding  their  salts,  have  as  yet  elicited  but  few  facts  which 
promise  to  afford  a  clearer  insight  into  the  nature  of  these  bodies. 

On  the  other  hand,  the  labors  of  the  last  twelve  years  have  brought  to  light 
a  very  numerous  group  of  substances  perfectly  analogous  to  the  alkaloid! 
jfLich  are  found  in  plants,  but  produced  by  artiftcial  processes  in  the  laborer 
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tory.  These  bodies,  which  are  termed  artificial  alkaloids  or  artificial  organic 
bases,  are  mostly  volatile.  Their  constitution  is  much  simpler  than  that  of 
the  native  bases.  The  very  processes  which  give  rise  to  their  formation  often 
permit  a  very  clear  insight  into  the  mode  in  which  the  elements  are  grouped, 
and  in  the  relation  existing  between  these  substances  and  ammonia. 

In  a  former  section  of  this  volume  (page  251),  it  has  been  stated  that  the 
majority  of  chemists  are  inclined  to  assume  in  the  ammoniacal  salts  the  ex- 
istence of  a  compound  metal  ammonium  NH^, 

Chloride  of  ammonium NH^Cl 

Sulphate  of  ammonia NH^O^SO^. 

Now,  recent  researches  have  shown,  that  in  these  salts,  1,  2,  8,  or  even  the 
4  eq.  of  hydrogen  may  be  replaced  by  compound  radicals,  containing  variable 
proportions  of  carbon  and  hydrogen,  without  any  change  in  the  fundamental 
properties  of  these  salts.  It  is  evident  that  we  obtain  in  this  manner,  in 
addition  to  the  ammoniacal  salts,  four  new  series  of  compounds  very  closely 
allied  to  the  former.  Let  A  B  C  D  represent  radicals  capable  of  replacing 
hydrogen,  then  the  following  series  of  salts  may  be  formed :  — 


Ammonium  salts.        .        .    N<  S  >C1  .        .        .    N<  5  >0,SOj 


Krst  group   of   compound\  vr  J  H  (  p,  i^J  H  I  ^  «^ 

ammonium-salts    .        .    /  ^  ^  H  ^^  '  •        '     ^^  H  p'SO,. 

Second  group  of  compound  \xrjB(p,  .TsrJ^Lnqf^ 

ammonium-salts    .        .    /  *^  ^  H  r^^  •  '             ^^  H  ?-"'^^8- 

Third  group  of  compound  XivrjBfp,  nJ^Io^O 

ammoninm-salts  .        ./^Scf^^*  '        "^^C  f^'^^r 


Fourth  group  of  compound  iTsrjBlp,  xtJbI^q^ 

ammonium-salts   .        ./^^Cf^*'        '        '^^C  ^"'^^» 


It  need  scarcely  be  mentioned  that  it  is  by  no  means  necessary  that  the 
several  hydrogen-equivalents  in  ammonium  should  be  replaced  by  different 
radicals,  as  assumed  in  the  preceding  table.     Substances  of  the  formulae  — 


are  even  more  easily  prepared  and  more  frequently  met  with. 

This  synopsis  shows  that  the  number  of  salts  capable  of  being  derived  from 
the  ordinary  ammoniacal  salts  must  be  very  considerable.  Even  now  a  very 
extensive  series  has  been  prepared,  although  the  number  of  radicals  at  our 
disposal  at  present  is  still  comparatively  limited. 

It  has  been  mentioned  that  all  attempts  at  isolating  both  ammonium  and 
42 
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its  oxide  have  liitherto  failed  (see  page  261).  On  treating  chloride  of  ammo* 
nium  or  sulphate  of  ammonia  with  mineral  oxides,  snch  as  potassa,  lime,  and 
baryta,  decomposition  ensues,  chloride  of  potassium  or  sulphate  of  potassa, 
&c.,  is  formed,  and  the  separated  oxide  of  ammonium  splits  into  ammonia 
gas  and  water,  NH40  =  NH8+  HO. 

The  compound  ammonium-salts  are  likewise  decomposed  by  mineral  oxides. 
With  the  first  three  classes  the  change  is  perfectly  analogous  *to  that  of  ammo- 
niacal  salts,  the  separated  oxide  is  decomposed  into  water  and  a  volatile  base, 
the  properties  of  which,  according  to  the  nature  of  the  replacing  radicals,  are 
more  or  less  closely  approximated  to  those  of  ammonia  itself.  We  arrive  in 
this  manner  at  three  groups  of  organic  bases,  differing  from  one  another  by 
the  amount  of  hydrogen  which  is  replaced ;  they  have  been  distinguished  by 
the  terms  Primary  Amines  (Amidogen  bases),  Secondary  Amines  (Imidogen 
basei),  and  Tertiary  Amines  (Nitrile  bases). 


"{ 


H 
H 
H 


Ammonia.  Primary  Secondary  Tertiary 

amines.  amine&  amines. 

The  last  group  of  ammoniacal  salts,  in  which  the  4  eq.  of  hydrogen  art 
replaced  by  radicals,  differ  in  their  deportment  from  the  former  classes. 
These  salts  are  not  decomposed  by  potassa,  but  yield,  by  appropriate  treat* 
ment,  a  series  of  substances  of  a  very  powerfully-alkaline  character  which 
are  expressed  by  the  general  formulae: — 


0,  HO, 


and  are  evidently  analogous  to  hydrated  oxide  of  ammonium ;  from  which  they 
differ,  however,  in  a  remarkable  manner,  by  their  great  stability. 

These  general  statements  will  become  more  intelligible  if  we  elucidate  them 
by  the  description  of  several  individual  substances :  the  limits  of  this  work 
compel  us,  however,  to  confine  ourselves  to  the  more  important  members  of 
this  already  very  numerous  group,  which  is,  moreover,  daily  increasing. 

It  may  at  once  be  stated  that  by  far  the  greater  number  of  these  compounds 
are  derived  from  the  arcohols  or  substances  analogous  to  them ;  and  that  the 
radicals  which  in  the  preceding  sketch  have  been  designated  by  the  letters  A, 
B,  C,  and  D,  are  chiefly  the  hydrocarbons  previously  described  under  the 
names  ethyl^  methyl^  and  amyl. 

BASES    OF   THE   ETHYL- SERIES. 

Ethtlamine,  Ethyl-ammonia,  C^H^N  =  N(Hj,C4H5)  ==  N(HjAe). — On  di- 
gesting bromide  or  iodide  of  ethyl  (see  page  372)  with  an  alconolic  soludos 
of  ammonia,  the  alkaline  reaction  of  the  ammonia  gradually  disappears.  Oa 
evaporating  the  solution  on  the  water-bath,  a  white  crystalline  mass  is  ob- 
tained, which  consists  chiefly  of  iodide  of  ethyl-ammonium,  AeI-{-NH|A 
N(H,Ae)I.  On  distilling  this  salt  in  a  retort  provided  with  a  good  condenser, 
with  caustic  potassa,  the  ethylamine  is  liberated  and  distils  over. 

N(H3Ae)I  -f  KO  =  N(HjAe)  -f  HO  -f  KI. 

Another  method  of  preparing  this  compound,  and  indeed  the  method  by 
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which  this  remarkable  substance  was  first  obtained  by  M.  Wnrtz,  consists  in 
submitting  cjanate  of  ethyl  to  the  action  of  hydrate  of  potassa.  In  describing 
cyanic  acid  (see  page  460),  the  interesting  change  has  been  mentioned,  which 
this  substance  undergoes  when  treated  with  boiling  solution  of  potassa.  In 
this  case  cyanic  acid  splits  into  2  eq.  of  carbonic  acid  and  1  eq.  of  ammonia; 
cyanate  of  ethyl  (see  page  468)  suffers  a  perfectly-analogous  decomposition, 
and  instead  of  ammonia  we  obtain  ethylamine. 

CaNO.HO  +  2(K0,H0)  =  2(K0,C0a)  +  NH, 

Hydrated  Ammonia, 

cyanic  acid. 

CgNCAeO  +  2(K0,H0)  =  2(K0,C0a)  +  N(HjAe) 

Cyanate  of  Ethylamine. 

ethyl. 

Cyanurate  of  ethyl,  isomeric  with  the  cyanate,  likewise  furnishes  ethylamine. 

Ethylamine  is  a  very  mobile  liquid,  of  0-6964  sp.  gr.,  at  46° -4  (8°C),  which 
boils  at  64*>-4  (18°C).  The  sp.  gr.  of  the  vapor  is  1-57.  It  has  a  most  pow- 
erfully-ammoniacal  odor,  and  restores  the  blue  color  to  reddened  litmus  paper. 
It  produces  white  clouds  with  hydrochloric  acid,-  and  is  absorbed  by  water 
with  great  avidity.  With  the  acids  it  forms  a  series  of  neutral  crystallizable 
salts  perfectly  analogous  to  those  of  ammonium. 

This  substance  imitates,  moreover,  in  a  remarkable  manner,  the  deportment 
of  ammonia  with  metallic  salts.  It  precipitates  the  salts  of  magnesia,  alumina, 
iron,  manganese,  bismuth,  chromium,  uranium,  tin,  lead,  and  mercury.  Zinc 
salts  jrield  a  white  precipitate  which  is  soluble  in  excess.  Like  ammonia, 
ethylamine  dissolves  chloride  of  silver,  and  yields  with  copper  salts  a  blue 
precipitate,  which  is  soluble  in  an  excess  of  ethylamine.  On  adding  ethyla- 
mine to  oxalic  ether,  a  white  precipitate  of  ethyl-oxamide,  N(HAe),C202,  is 
produced :  even  a  compound  analogous  to  oxamic  acid  (see  page  862)  has 
been  obtained.  Ethylamine  may,  however,  be  readily  distinguished  from  am- 
monia ;  its  vapor  is  inflammable,  and  it  produces,  with  bichloride  of  platinum, 
a  salt  N(H3Ae)Cl,PtCl^  crystallizing  in  golden  scales,  which  are  rather  soluble 
in  water.  If  ethylamme  be  treated  with  chlorine,  it  furnishes  chloride  of 
ethyl-ammonium  and  a  yellow  liquid  of  a  penetrating  odor,  exciting  tears, 
which  contains  NCIgAe.  This  substance  is  biehlorethylamine.  When  treated 
with  potassa  it  is  coilverted  into  ammonia,  acetate  of  potassa,  and  chloride 
of  potassium,  NCn8,C4H5  +  8K0  +  HO  =  K0,C4H80,  +  NHg  -f-  2KC1. 

Ethylamine'Vrea,—-On  passing  into  a  solution  of  ethylamine,  the  vapor  of 
hydrated  cyanic  acid,  the  liquid  becomes  hot  and  deposits,  after  evaporation, 
fine  crysUls  of  ethylamine-urea.  C^H^N  +  C2N0,H0  =  CeHgNjOj  =  C8(H„ 
C4H,)Nj09  =:  Cj(H,Ae)N^02.  This  substance,  which  may  be  viewed  as  ordi- 
nary urea  (see  page  46/),  in  which  1  eq.  of  hydrogen  is  replaced  by  ethyl, 
may  be  prepared  also  by  treating  cyanic  ether  with  ammonia,  C.HgO.CjNO  4- 
NH,  =  CgHgNjOg.  Ethylamine-urea  is  'very  soluble  in  water  and  alcohol :  the 
concentrated  aqueous  solution,  unlike  that  of  ordinary  urea,  yields  no  preci- 
pitate with  nitric  ilcid;  but  on  gently  evaporating  the  mixture,  a  very  soluble 
crystalline  nitrate  of  ethylamine-urea  is  obtained.  Boiled  with  potassa,  this 
Bubstance  yields  a  mixture  of  equal  equivalents  of  ammonia  and  ethylamine, 
C,f  H,Ae)Na08  -j-  2(K0,H0)  =  2(K0,C0j)  +  NHg  -f  N(H,Ae). 

BiBTHYLAMiNB,  Btethyl-ammonia,  C«H„N  =  ^1,20^115  =  N(HAeg).  — A 
mixture  of  solution  of  ethylamine  and  bromide  of  ethyl,  heated  in  a  sealed 
tube  for  several  hours,  solidifies  to  a  crystalline  mass  of  bromide  of  biethyl- 
u&moniom,  N(HgAe>  -U  AeBr  =s  N(HgAe,)Br.     The  bromide^  when  distUled 
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^^^B- vilh  potMu,  fumiBhea  u  tolortesB  Uqnid,  still  *erj  alkaliDe,  and  KDlable  1m 
^^H  irater,  but  leas  so  than  ethylBinine.     Tliia  compound  boils  nt  ISS"  (56°C).    II 
^^^VfintiiB  bcautlfiil)j-ci7sl>lliinble  sbIib  villi  aeids.     A  solulioD  of  chloride  o( 
^^^K'  liUlh^i-iinDioniam   famisfaea,   wltb  biobloride  of  platinum,    a   verj  Eolnble 
^^H  double  salt,  N(H,Ap,)CI,PlClr  cr;  a  tall  i  ling  in  orange-red  gmips,  tctj  differ- 
^^Hi  MA  from  Ihe  oraoge-;ellair  leaveB  or  the  correBponding  etbyl-ammonium-i 
^^^H       Bitthylanine-HTfa. — Bictbjlamine  prob&bt;  bebaves  iritb  ayani«  acid 
^^^P  Mnmonin  and  rtbjlnminc,  giring  rise  (o  bietbjlamioe-uren.     This  BubHtmH- 
^^B      kas  been  produced  b;  the  nption  of  oj>ania   etber  upon  elbjlnmine,  0.11,0, 
CJ40  +  C,H,K  =  C„If,^^,  =  C,{H,2C,H,)N,0j  =  C,(H,Ae,)N,Oj     "' 
eth;rlnniiDe~area  is  very  erystallizable.  and  rendilj  forms  a  crjstnlline  n 
Boiled  nith  pattusa.  bietbylamine-urea  yields  pore  etbjlamiue,  C^II,Ae,)Ni(]i 
+  2(K0.H0)  =  2(K0,C0,)  +  2(NII,Ae). 

TantaiLAMiaa,  Triilhs/l-aamonia.  CuH^N  =  N  8(C,IT,)  =  KA^— TW 
rormation  of  this  bod;  is  perfectl]'  analogous  to  that  of  ethjlnmine  and  1' 
elbflnmine.  On  b^Bting  for  a  short  time  a  mixture  of  biethjlamine  iri(b  bi 
mide  of  ethyl  in  a  sealed  glass  lube,  a  bcsntifnl  fibrous  mass  of  bromide 
triethjl-ammonium  is  oblainetl,  from  which  the  trietbjiamine  is  eeparnted' 
potBssB.  TriethylaminH  is  a  oolorlesa,  powerfnlly-nlt aline  liquid,  boiling 
106''-8  (91'C),  The  sails  of  this  base  cryslnlliie  remarkably  well.  Wilh  1 
chloride  of  platinum  it  forms  a  Tery  soluble  double  salt,  N(HAeJCl,PlC 
wbich  crystalliies  in  magnificent  large  orange-red  rhombs. 

Hydratid   OxiiU  of  TttrHhyl-ammonium,  Cj,H,|NO,  =  N  4(C,H,)0,HO 


■ 
I 


IIAe,0,  HO.— When  anhydroas  IriethylamiQe  is  mixed  vith  dry  iodide  aT  etinf 
a  powerful  reaction  ensues,  the  miitore  enters  into  ebullition,  and  solidiSl 
on  cooling  to  a  wbil«  arystalline  mass  of  iodide  of  tetrethyl-ammoDiom,  HJtt 
-\-  Ael  =^  NAe^I.  The  new  iodide  is  readily  soluble  in  hot  water,  &om  whit 
it  crystalliiea  on  cooling  in  beautiful  crystals  of  considerable  siie.  This  sal 
stance  is  not  decomposed  by  poU^sa ;  it  mnj  be  boiled  with  the  alkali  S 
faonrs  without  yielding  a  trace  of  volatile  base.  The  iodine  may,  however,  I 
readily  removed  by  treating  the  solution  wilh  silver-salts.  If  in  this  case  si 
phnte  or  nitrate  of  silver  be  employed,  we  obtain,  together  with  iodide  i 
silver,  the  sulphate  or  nitrote  of  oxide  of  tetre thy  1 -ammonium,  which  cryitl 
liie  on  evapomtion ;  on  the  other  band.  If  the  iodide  be  treated  with  freshl 
precipitated  protoxide  of  silver,  the  oxide  of  tetretbyl- ammonium  itself  is  sep 
rated.  On  filtering  off  the  silver-precipitate,  a  clear  colorless  liqmd< 
obtained,  wbieb  contains  Ihe  isolated  base  in  solution.  U  is  of  a  stroDd 
alkaline  reaction,  and  has  an  inleneely-bitter  taste.  Solution  of  oxide  i 
tetrethyl-amnionium  has  a  remarkable  analogy  to  potassa  and  soda.  Like  t 
latter  substance,  it  destroys  the  epidermis  and  saponifies  fatty  subslanoes  wl 
tho  formation  of  true  soaps.  With  the  aalts  of  the  metals,  this  enbatance  i 
bibits  exactly  the  same  reactions  as  potassa.  On  evapomting  a  solution  i 
tho  base  t'n  naeuo,  long  slender  needles  are  deposited,  which  are  evidently  t 
hydrate  of  the  base,  with  an  additional  amount  of  water  of  crystallixatil 
After  some  time  these  needles  disappear  again,  and  a  semi-solid  mass  is  Is 
which  is  the  hydrate  of  oxide  of  tetrethyl-ammonium.  A  concentrated  aolati 
of  this  substance  in  water  may  be  boiled  without  decomposition,  but  On  hel 
dry  substance,  it  is  deoomposed  into  pure  trielhylamine  and  olefll 

NAe,0,HO  =  2H0  +  NAe,  +  C,H^. 

Oxide  of  tetrethyl-ammonium  forms  neutral  enlta  with  the  acids.  They  ■ 
mostly  very  solable;  several  yield  beautiful  crystals.  T!ie  platinum-Ml 
NAejCl,PtCtj.  forma  orange-ycUow  oolahedra,  which  are  of  about  the  sal 
Bolnbility  as  Ihe  corresponding  bichloride  of  platinum  and  polassiam. 

Oxide  of  tetrethyi -ammonium  is  obviously  perfeciiy  analogons  to  A 
hitherto  hypothetical  oxide  of  ammonium.     It  is  a  compound  of ** 
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stability,  the  existence  and  properties  of  which  must  be  regarded  as  powerful 
supports  of  the  ammonium-theory. 

BASES   OF   THE   METHYL    SERIES. 

Mbthtlamine,  Methyl-ammoniay  CgHjN  ==  NcHj^CjHj)  =  N(HjMe). — The 
formation  and  the  method  of  preparing  this  compound  from  the  cyanate  of 
methyl  are  perfectly  analogous  to  those  of  ethylamine  (see  page  495) :  how- 
ever, methylamine  being  a  gas  at  the  common  temperature,  it  is  necessary  to 
cool  the  receiver  by  a  freezing  mixture.  The  distillate,  which  is  an  aqueous 
solution  of  methylamine,  is  saturated  with  hydrochloric  acid,  and  evaporated 
to  dryness.  The  crystalline  residue,  which  is  the  chloride  of  methyl-ammo- 
nium, when  distilled  with  dry  lime,  yields  methylamine  gas,  which,  like  am- 
monia gas,  has  to  be  collected  over  mercury.  It  is  distinguished  from  ammo- 
nia by  a  slightly-fishy  odor,  and  by  the  facility  with  which  it  burns.  Methyl- 
amine is  liquefied  at  about  0°  ( — 17^*80) ;  itssp.  gr.  is  1*08.  This  substance 
is  the  most  soluble  of  nil  gases;  at  b^^'^  (12<'C)  1  volume  of  water  absorbs 
1040  volumes  of  gas.  It  is  likewise  very  readily  absorbed  by  charcoal.  In 
its  chemical  deportment  with  acids  and  other  substances,  methylamine  resem- 
bles in  every  respect  ammonia  and  ethylamine.  Methylamine  appears  to  be 
produced  in  a  great  number  of  processes  of  destructive  distillation  ;  it  has  been 
formed  by  distilling  several  of  the  natural  organic  bases,  such  as  codeine, 
morphine,  caffeine,  and  several  others,  with  caustic  potassa;  frequently  a 
mixture  of  several  bases  is  produced  in  this  manner. 

Among  the  numerous  derivatives  already  obtained  with  this  substance,  me- 
ihylamine-urea,  C2(H3Me)N202,  and  bimethylamine-urea,  C2(H2Me2)N202,  and 
even  a  mtthyl-ethylamine-urea,  C2([{2MeAe)N202,  may  be  quoted.  The  latter 
substance  has  been  produced  by  the  action  of  cyanate  of  ethyl  upon  methyla- 
mine. Even  a  series  of.  platinum-bases,  analogous  to  those  produced  by  the 
action  of  ammonia  upon  protochloride  of  platinum  (see  page  826),  has  been 
obtained  with  methylamine. 

BiMBTiiYLAMiNE,  C4HfN  s=s  N(H2C2H,)  =r  N(HMe2)  is  not  easily  prepared 
in  a  pure  state  l)y  the  action  of  ammonia  on  iodide  of  methyl.  It  has  been, 
however,  obtained  by  the  destructive  distillation  of  the  compound  of  aldehyde 
with  alkaline  sulphites. 

Tbimbthtlaminb,  TVimeihyl-ammonia,  CjHgN  =  N  3(C2H3)  =  NMcj.  — This 
substance  is  readily  obtained,  in  a  state  of  perfect  purity,  by  submitting  oxide 
of  tetramethyl-ammonium  (see  the  following  compound)  to  the  action  of  heat. 
It  is  gaseous  atjbhe  common  temperature,  but  liquefies  at  about  48° *2  (9°C) 
to  a  mobile  fluid  of  very  powerfully-alkaline  reaction.  Triraethylamine  pro- 
duces with  acids  very  soluble  salts.  The  platinum-salt,  N(HMe3)Cl,PtCi2,  is 
likewise  very  soluble  and  crystallizes  in  splendid  orange-red  octahedra.  Ac- 
cording to  Mr.  Winkles,  large  quantities  of  trimethylamine  are  found  in  the 
liquor  in  which  salt  herrings  are  preserved. 

Htdbated  oxide  op  tetramkthyl-ammonium,  C8H,3N02  =  N4(C2H3),0, 
HO  =s  NMe40,H0. — The  corresponding  iodide  may  be  obtained  by  adding 
iodide  of  methyl  to  the  preceding  compound.  Both  substances  unite  with  a 
sort  of  explosion.  The  same  iodide  is  prepared,  however,  with  less  difficulty, 
simply  by  digesting  iodide  of  methyl  with  an  alcoholic  solution  of  ammonia. 
In  this  reaction,  a  mixture  of  the  iodides  of  ammonium,  methyl-ammonium, 
bimetbyl-ammonium,  trimethyl-ammonium,  and  tetramethyl-ammonium  is 
produced.  The  first  and  last  compound  are  formed  in  largest  quantity,  and 
may  be  separated  by  crystallization,  the  iodide  of  tetramethyl-ammonium 
being  rather  difficultly  soluble  in  water.  From  the  iodide  the  base  itself  is 
separated  by  means  of  protoxide  of  silver.  The  properties  are  similar  to 
those  of  the  corresponding  ethyl-compound.  It  differs,  however,  from  oxide 
of  tetrethyl-ammonium  in  its  behavior  when  heated  (see  page  496),  yielding 
42* 
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nethyl-ilcohol,  NMe^O,HO  ^  NMli,+ 


The  formntion  of  these  bodicn  being  pcrrocll;  anatrigoas  to  tlint  at  tht  nor- 
responding  lerms  in  the  ethjl-Bcries.  we  refer  to  the  moro  copiouB  glatemint 
giTBD  in  pnge  491,  and  aonfiaa  onrsslves  to  a  brief  deBcription  of  their  pris- 
eim\  propertiea. 

eolorleas  liquid  of  a  peculinr  penetrnting  iiratnnCic  ouor,  slightly  Boiublo  ii 
water,  to  which  it  impnrts  rt  etrungly-nlknliiie  renelion.  With  the  kciiis  il 
forms  arjBtalline  salts,  which  haye  a  fatt;  luittre.    Amylaioine  boils  at  ]B9°-4 


S'C). 


An 


boon  propnred. 

<tUminb,  Biamyl- ammonia,  C„HaN  =  N(IT,2C,„n„}  =  N(HAj!,),  i 
lio  liquid,  less  soluble  iu  water,  aud  less  ulkuline  thnu  amylamiDe.  I 
t  about  338°  (ITO^C). 


I,  Triamyl-,,, 


less  liquid,  nf  properties  similar  to  those  of  ihe  two  prcci^ditig  btues,  but 
boiling  Bt  484'>-tl  {ihl'd.  The  salts  of  Irinmjbimina  ore  -very  insoluble  in 
water,  and  fuse,  when  heated,  to  colorlass  liqiiids.  floating  upon  wnter. 

HtDRATEDOXTPII  OFTKTBAMTL-AUMOSItlU,  C«H„NO,  =  N  4(C„H„)0.H0  = 
likj\fi,  HO.  —  Thia  aubstauce  is  far  less  Boluble  than  the  correHponding  basa 
of  the  methyl-  and  ethyl-  Beries.  On  adding  potnasa  to  tho  aqaeoaa  solutiM 
the  compound  eepamtea  as  an  oily  layer.  On  evapomting  the  boIuHod  in  n 
atmosphere  free  from  o^rbonio  acid,  the  alknU  may  be  obtained  in  splemUd 
oryslals  of  oonsidemble  siie.  When  aubmitled  to  disiillalion  it  splits  into 
water,  triamylamine,  and  aDiylenc.NAyl,  0,H0^2H0 -|- NAyl,-!- C„H^ 


AmnKR,  phfnylamint.  CaH,N  =  N(HpCaH,}  =  N(H,Pyl).  — Under  ll» 
hend  of  salicylic  acid  a  volutilu  substance  has  been  nuttced  by  Tlie  nnnie  df 
bydrated  oxide  of  phenyl.  This  Bubstance,  of  which  a  fuller  ileBcriptloD  ia 
given  further  on.  imitates  to  a  certain  BKtont  the  deportment  of  an  alcobgl, 
but  several  very  characteristic  transI'Drmations  of  the  ntcohols,  and  especi^; 
the  conversloQ  into  the  corresponding  acid,  hate  not  as  yet  been  realized.  Tbi 
organia  base,  however,  which  is  deriTed  from  Ihla  alcohol  in  the  same  msncET 
aa  metbylaniine.  cthylaminr,  and  amylamiae,  from  methyl-,  etbyt-,  and  amjl- 
alcohol,  ia  known  under  the  term  :in^ine,  a  name  given  to  it  on  account  of  iU 
relation  to  the  indlgo-Eeries.  On  heating  phenyl-nlcohol  with  ammonia  is 
sealed  tubes,  aniline  ia  produced.  PylO.HO-t-  Nil,  =  2H0  -^  N(H,Pyl).  ThiJ 
process,  however,  nllhongh  interesting  na  establishing  clearly  the  rtslatioti  of 
aniline  and  phenyl-aloohol,  is  not  calculnted  to  yield  large  quantities  of  4ii< 
substance.  Aniline  is  invariably  obtuinod  either  from  indigo  or  from  nitric 
beniol. 

Powdered  indigo  boiled  with  a  highly-concentrated  solution  <T  hydrate  of 
polasBa  diBBolvos  with  evolution  of  bydrogcn-gas  to  a  browniah-reJ  liquid  con- 
taining a  peculiar  acid,  tlie  chTj/sanilic,  which  becomes  gradually  oonverleil 
into  another  acid,  the  anl/iTaitilic  If  this  matter  be  transferred  to  a  retort 
and  Btill  further  heated,  it  swells  up  and  diacngages  aniline,  which  condense* 
in  the  form  of  oily  drops  in  the  neck  of  tlie  retort  and  in  the  receiver.  Sepa- 
rated from  the  ammoniacal  water  by  which  it  ia  accompanied,  and  redislillH', 
it  is  obtained  nearly  cnlorleBS.  The  formation  of  aniline  from  indigo  is  reprt- 
(cnted  by  the  following  eqoution  :  — 

CrtHjNO,  -f  4{K0,H0)  +  2H0  =  C„HtN  +  4(K0,C(^)  +  : 
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In  order  to  prepare  aniline  from  nitrobenzol  (see  page  436),  this  substance 
is  submitted  to  a  process  discovered  by  Zinin,  which  has  proved  a  very  abun- 
dant source  of  artificial  organic  bases.  An  alcoholic  solution  of  nitrobenzol 
is  treated  vrith  ammonia  and  sulphuretted  hydrogen,  until  after  some  hours  a 
precipitate  of  sulphur  takes  place.  The  brown  liquid  is  now  saturated  again 
with  sulphuretted  hydrogen,  and  the  process  repeated  until  sulphur  is  no 
longer  separated.  The  reaction  may  be  remarkably  accelerated  by  occasion- 
ally heating  or  distilling  the  mixture.  The  liquid  is  then  mixed  with  excess 
of  acid,  filtered,  boiled  to  expel  alcohol  and  unaltered  nitrobenzol,  and  then 
distilled  with  excess  of  caustic  potassa.  The  transformation  of  nitrobenzol 
into  aniline  is  represented  by  the  equation :  — 

CflHgNO^    +    6HS    =    CijH^N    +    4H0    +    6S. 

Nitrobenzol.  Aniline. 

If  the  aniline  be  required  quite  pure,  it  must  be  converted  into  oxalate,  the 
salt  several  times  crystallized  from  alcohol,  and  again  decomposed  by  hydrate 
of  potassa. 

M.  B^champs  has  lately  shown  that  the  reduction  of  nitrobenzol  may  be 
eflfected  even  more  conveniently  by  the  action  of  acetate  of  protoxide  of  iron. 
The  distillation  of  nitrobenzol,  acetic  acid,  and  iron  filings,  seems,  in  fact,  to 
be  the  best  process  for  preparihg  aniline.  The  mass  violently  swells  up,  and 
very  capacious  retorts  are  required. 

Aniline  exists  among  the  products  of  the  distillation  of  coal,  and  probably 
of  other  organic  matters ;  it  is  formed  in  the  distillation  of  anthranilic  acid, 
and  occasionally  in  other  reactions. 

When  pure,  aniline  forms  a  thin,  oily,  colorless  liquid,  of  faint  vinous  odor, 
and  aromatic,  burning  taste.  It  is  very  volatile,  but  has,  nevertheless,  a  high 
boiling-point,  359^ '6  (182^0.  In  the  air  it  gradually  becomes  yellow  or 
brown,  and  acquires  a  resinous  consistence.  Its  density  is  1*028.  Water 
dissolves  aniline  to  a  certain  extent,  and  also  forms  with  it  a  kind  of  hydrate ; 
alcohol  and  ether  are  miscible  with  it  in  all  proportions.  It  is  destitute  of 
alkaline  reaction  to  test-paper,  but  is  quite  remarkable  for  the  number  and 
beauty  of  the  crystalliziible  compounds  it  forms  with  acids.  Two  extraordinary 
reactions  characterize  this  body  and  distinguish  it  from  all  others,  viz.,  that 
with  chromic  acid,  and  that  with  solution  of  hypochlorite  of  lime.  The  former 
gives  with  aniline  a  deep-greenish  or  bluish-black  precipitate,  and  the  latter 
an  extremely  beautiful  violet-colored  compound,  the  fine  tint  of  which  is,  how- 
ever, very  soon  destroyed.  The  production  of  a  purple  coloring  matter  by 
the  action  of  chromic  acid  on  aniline  has  lately  been  patented  by  M.  Perkin. 

Substitution-products  of  aniline. — Under  the  head  of  indigo,  a  product  of 
oxidation  of  this  substance  will  be  noticed,  to  which  the  name  isatin  has  been 
given.  When  isatin  is  distilled  with  an  exceedingly-concentrated  solution  of 
caustic  potassa,  it  is,  like  indigo,  resolved  into  aniline,  carbonic  acid,  and  free 
hydrogen.  In  like  manner,  when  chhrisatin  or  bichlorisatinf  two  chloro-substi- 
tutes  of  isatin,  are  similarly  treated,  they  yield  products  analogous  to  aniline, 
but  containing  one  or  two  equivalents  of  chlorine  respectively  in  the  place  of 
hydrogen.  The  chloraniline,  C,2(HgCl)N,  and  bichloraniline  C^CHgCljjN,  thus 
produced,  cannot,  however,  be  obtained  directly  from  aniline  by  the  action  of 
chlorine,  thus  differing  from  ordinary  substitution-compounds ;  but  aniline 
may  be  reproduced  from  them  by  the  same  reagent,  which  is  capable  of  recon- 
vei*ting  chloracetic  acid  into  ordinary  acetic  acid,  namely,  an  amalgam  of 
potassium  (see  page  895).  They  are  tiie  first  cases  on  record  of  organic  bases 
containing  chlorine. 

Chloraniline  forms  large,  colorless  octahedra,  having  exactly  the  odor  and 
taste  of  aniline,  very  volatile,  and  easily  fusible ;  it  distils  without  decompo« 
Bition  at  a  high  temperature,  and  burns,  when  strongly  heated,  with  a  red 
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noky  flume  with  greenish  boHer.  It  is  hesTier  thnn  water,  indifferent  tt 
r  vaget&b1«  colnr?.  nnd,  except  in  beinjt  sotid  st  cdmraan  temperaturca,  men 
I  bleu  tmiline  in  the  closest  miinner.  I[  farms  numerous  nntJ  beanlinil  ciTntal 
f  Hwhle  Bftlte.  If  nniliiie  he  trealad  with  ohlorine-gne,  the  action  goea  tarOim^ 
f  tHcMoranilim,  C|,(  lljf -laJS,  beinR  prodiioed,  ft  YuUtile  erjatalline  body  whiei( 
&M  no  longer  nny  bHsio  proprrtieB,  The  correBpoDding  bromine- compoiui^ 
I    hATc  nlao  been  rnrtned  itnd  desoribed. 

JV'ifraiiiliH'. — It  nitrobenzol  lie  hiiHted  witli  fuming  nitric  acid,  or,  Etill  bek 

r,  with  H  mixture  nf  thnt  ntiid  and  oil  of  vitriol,  it  ie  converted  into  n  lul): 

I   ■tuDOe  onlled  bmilrohtnial,  oontnining  C,gH,NiOp  or  nitrobenzol  in  which  m 

I    ndditiona)  eqniinlent  of  hydrof^oa  is  replaced  by  the  eiemeDts  of  hyponitriC 

•aid.     When  this  ie  diaeolTed  in  BlDohol,  and  Bubjected  to  the  redcoing  wtioq 

'    of  Hulphide  of  nmrnonium  in  Zinio's  proceag,  it  fnrniaheB  a  new  subaUtnce  it 

Imaic  properties,  nilTaniline,  having  the  conatitulion  of  a  h;ponitrio  8cid  en' 

ion  prodnot  of  ordinary  aniiine.     The  attempta  to  prepnre  it  direst  tn 

*D<line  by  moans  of  Dltrio  acid  were  nnaucoesBfui.  the  principal  prodaet  b«{|| 

wiaally  carbaiotie  aald.     Nilraniline  farms  yellow,  acioular  crystals,  bnt  lilfl 

solnble  in  cold  water,  althnngh  easily  dissolved  b;  nlcnfaol  and  other.    Wl" 

od  it  eihalea  an  aromatio  odor,  aad  molts.      At  a  higher  temperatnTi 

I  distits  unchanged.     By  very  gentle  heat  it  may  be  Bubltmed  withoat  ta  ' 

I   Jt  is  heaver  than  water,  does  not  affeot  test-paper,  and  tike  ohloi^  and  b 

kniline,  fails  to  give  with  hypochtorile  of  lim/ the  characti    ~ 

the  Dormal  compound.     Nilmnitine  forms  orystnllizHble  Baits,  of  which  M 

I  bydrochlnrate  is  the  beat  known.     This  siibatance  enntaina  the  elemi 

I    aniline  with  an  eciairalent  of  hydrogen  replaced  by  hyponitrio  acid,  oi 

N,0,  =  Cu,(H,NO,)N. 

Biphenylamine  is  not  bnown.  Triphenylamine,  KC^H^  =  NSCaH^=; 
HPylf.  or  a  substanae  isomeric  with  it.  is  formed  by  snbmitling  to  deatnwt 
live  distillntioa  the  compound  of  oinnamio  aldehyde  with  alkaline  sulphidi 
together  with  an  eicess  of  lime, 

Ct/aniline  is  formed  by  the  action  of  cyanogen  npon  aniline ;  it  is  a 
line  anbatanoe  capable  of  eoinbining  with  acids  like  aniline,  but  very  pronat 
decompneitian.    Cynniline  contains  C,,II,N,  ^=  C„IT,NCy.    Hence  it  is  fbtmt 
bj"  the  direct  union  of  1  eq,  of  cyanogen  and  1  eq.  of  aniline 

The  constitullcn  of  thesnbstitulion-produats  of  aniline  is  readily-intelligiblil 
It  is  erldenC  that  these  sobslances  owe  their  origin  to  a  double  substitatio^ 
namely,  Bret,  af  1  equivalent  of  hydrogen  in  ammonia  by  phenyl; 
aeoondly.  of  one  or  eevernl  equivalents  of  hydrogen  in  phenyl  by  chlorinsj 
bromine.  &a.  Tbe  nrrangemoiit  of  the  elements  may  be  eonv  '  '  '-' 
traced  by  the  following  formulee  :  — 


i  bron 

etioov 


Nltrn 


NiipC„(ii,a} 

NH,.Ci,(H.Br) 

NHj.C|j(H,Br,| 
NH^C„(H^NU,). 


t 


The  oonsCitntion  of  cyaniliue  is  more  complicated. 

MtltnUini. — The  action  of  dry  chloride  of  oyanogen  upon  anhydrous  nnilinl 
gives  rise  to  the  formation  of  a  resinons  aubstanee,  which  ia  the  hydrochlorali 
of  a  very  peculiar  baaic  substance  to  which  tbe  name  milaniliat  bag  heel 
given.  Dissolved  in  water  and  mixed  with  potassa,  Ihe  above  salt  fumishM 
melaniline  in  the  form  of  an  oil,  which  rapidly  Bolidifics  to  a  beautifti!  oryf-' 
talline  mass.     Melaniline  CDnlaioa  OkHuN^Cj.    T)ie  following  equation repM- 


2C„!1,N  4-  C,NC1  =  C„H|,N,CI. 
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Aelaniline,  when  treated  with  chlorine,  bromine,  iodine,  or  nitric  acid, 
Ids  b&sio  substitatioo-prodacts,  in  which  inyariably  2  eq.  of  hydrogen  are 
laced.     It  combines  with  2  eq.  of  cyanogen. 

^henyt-melanUine,  —  Aniline,  when  exposed  to  the  action  of  bichloride  of 
bon  at  a  temperature  of  202®  (150^0)  solidifies  into  a  resinons  mass,  con- 
ing of  the  hydrochlorates  of  several  bases,  from  which,  by  appropriate 
sttment,  a  beautiful  basic  compound  may  be  extracted,  containing  CjgHj^N.. 
e  formation  of  this  body,  which  in  its  properties  closely  resembles  melani- 
»,  may  be  represented  by  the  equation — 

eCtfH^N  +  CjCl^  =  8(C„H,N,HC1)  +  C„H„N,,HC1. 

may  be  riewed  as  melaniline,  in  which  1  eq.  of  hydrogen  is  replaced  by 
;nyL 

Eihylene-aniline,  —  Aniline,  when  submitted  to  the  action  of  bromide  of 
ykne,  C4H4Br2,  solidifies  to  a  crystalline  mass,  from  which  potassa  sepa- 
es  a  beautifully-crystalline  base,  which  is  soluble  in  alcohol  and  ether,  but 
oluble  in  water.  The  simplest  formula  of  this  substance  is  0,eH^.  The 
)ortment,  howeyer,  of  the  new  base  with  iodide  of  methyl  and  ethyl  appears 
indicate  that  the  true  expression  representing  this  compound  is  O^HigN^ 
it  forms  with  the  alcoholic  iodides  two  compounds,  containing  respectively 
H^iNjI,  and  CggHj^N^I,  from  i^hich  two  very  soluble  bases,  Cs4H2,N20,  HO, 

1  CgeHggN^OfHO,  have  been  isolated. 

FormylanSine.  —  A  mixture  of  aniline  and  chloroform  exposed  in  sealed 
>e8  to  a  temperature  of  356®  (180^0)  solidifies  to  a  crystalline  mass,  con- 
ting  of  hydrochlorate  of  aniline,  and  the  hydrochlorate  of  a  crystalline  base, 
itaining  CagH,jNy 

4C,aH,N  +  CgHCl,  =  2(Cu,H7N,Ha)  +  Ca5H,jN8,Ha 

washing  with  cold  water  the  hydrochlorate  of  aniline  is  removed,  and  the 
idue,  when  treated  with  potassa,  furnishes  the  base  in  a  state  of  purity, 
is  insoluble  in  water,  soluble  in  alcohol  and  in  ether. 

Melaniline,  phenylmelaniline,  ethyleneaniline,  and  formylaniline  may  be 
rived  from  a  double  molecule  of  ammonia,  N^H^,  in  which  the  hydrogen  is 
•re  or  less  replaced  by  radicals.  In  melaniline  and  phenylmelaniline,  8 
d  4  eq.  of  hydrogen  of  ammonia  are  replaced  by  cyanogen,  and  respectively 
»r  8  eq.  of  phenyl ;  in  ethylene-aniline  the  6  eq.  of  hydrogen  are  replaced 

2  eq.  of  phenyl  and  2  eq.  of  ethylene,  the  biatomic  character  of  which  has 
en  already  pointed  out  under  the  head  of  glycol. ^    In  formylaniline,  lastly, 

have  2  eq.  of  hydrogen  replaced  by  phenyl,  and  8  equivalents  by  the 
atomic  molecule  formyl.  The  bases  derived  from  2  molecules  of  ammonia 
ve  been  designated  by  the  term  diamines.  The  constitution  of  the  four 
ses  last  described  may  be  thus  stated: 


Diammonia 


Melaniline llST  Irr^'w  ^ 

Cyanbiphenyldiamine /^all^i^Hs^i 

Ethylenaniline ^^^  C^a^^aY^ 

Biethylenbiphenyldiamine     ....  J^t(C,2H6)2 

FormylaniUne \  ,^   f  in'^iT 

Formylbiphenyldiamine         ....  /^ajV^w^^s^a 

The  action  of  blbromide  of  ethylene  on  ammonia  givos  rise  to  the  formation  of  a  senei  of 
les,  which  ar«  not  yet  perfectly  studied. 


C  N 
Phenylmelaniline \wJ/pl^^ 

Cyantriphenyldiamine /^a-j  (^^"6^8 
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Anilme-eompounds  corresponding  to  the  amides  and  amidogen-aeidsy  jt:  — >ll 
describing  the  ammonia-salts  of  various  acids,  attention  has  been  repMt«d|f 
called  to  the  power  possessed  by  many  of  them  to  yield  seyeral  new  grosfl 
of  compounds  by  the  loss  of  a  certain  amount  of  water  (see  page  861).  TluM 
groups  are  perhaps  best  elucidated  by  the  derivatives  of  oxalic  acid. 

NH^CCjO,  —      2H0      =  CgOj^NH, 


Neutral  oxalate  of 
ammonia. 

NH40,Cj05,HO,CaO, 

Binoxalate  of  ammonia. 

NH^O.CjO, 


Neutral  oxalate  of 
ammonia. 


—      2H0      = 


^      4H0      = 


Oxamide. 

Cg^^NHgj^^C^O 
Oxamic  acid. 


Oxalonitrile  or 
cyanogen. 


The  terms  corresponding  to   oxamide  and   oxamic  acid  have  also 
obtained  in  the  aniline-series:  they  are  produced  by  the  distillation  of  neatnl 
and  acid  oxalate  of  aniline,  and  have  been  called  oxanilide  and  oxanilk  wai, 

OxaniUde        =  Cj^HeNOj  =  CgOj  NH(Pyl) 
OxaniUo  acid  =  C^H^NO.  =  CjOj,NH(Pyl),CgO,,HO. 

Cotbpounds  analogous  to  the  nitriles  have  not  been  obtained  in  the  amHW' 
series,  and  the  reason  is  intelligible  if  we  glance  at  the  formula  of  oxalttt  tf 
aniline,  N(H,Pyl)0,C20*.  It  is  obvious  that  4  eq.  of  water  cannot  beeUp 
nated  from  this  salt  without  touching  the  hydrogen  of  the  phenyl,  t.  e.,  wide 
out  destroying  the  compound  altogether.  A  great  many  anilides  and  uSSi 
acids  have  been  formed. 

Aniline-urea.  —  On  passing  the  vapor  of  cyanic  acid  into  aniline,  the  lib- 
stance  becomes  hot,  and  solidifies  on  cooling  to  a  crystalline  mass,  contunii^t 
C,4HgN202  =  C2(H3Pyl)N202.  This  is  the  composition  of  aniline-urea.  TMf 
substance,  however,  does  not  combine  with  acids  like  the  ureas  (see  pagV 
495  and  496) ;  it  is  only  isomeric  with  the  true  aniline-urea,  which  is  obtainai 
by  another  process.  Among  the  derivatives  of  benzoic  acid,  nitrobensoie  aeHf 
C,4(H4N04)Oj,HO,  has  been  mentioned.  The  ether  of  this  acid,  C4H^C|| 
(H4N04)03,  like  oxalic  ether,  and  many  other  ethers,  furnishes  an  amide  wInb 
treated  with  ammonia.  This  substance,  nitrobenzarnide,  ^lA^^O^O^VLp 
under  the  influence  of  sulphide  of  ammonium,  suffers  a  change,  which  a 
perfectly  analogous  to  that  of  nitrobenzol  under  similar  conditions  (see  pagt 
499).  The  mixture  soon  deposits  sulphur,  and  yields  on  evaporation  erystiSf 
of  aniline-urea. 

CMHgN.Og  -f  6HS    =    C,4HgNgOa  -f  4H0  -f  6S. 

Nitrobenzarnide.  Aniline-urea. 

This  substance,  which  was  discovered  by  M.  Chancel,  combines  with  nitril 
and  hydrochloric  acid,  and  even  with  bichloride  of  platinum. 


Bases  homoloffous  to  Aniline- 

In  a  former  section  of  this  Manual  (page  441),  a  series  of  hydrocarbons 
have  been  mentioned,  which  are  homologous  to  benzol.  Each  of  these  sub- 
stances, when  treated  with  fuming  nitric  acid,  yields  a  nitro-substitute  cor- 
responding to  nitrobenzol,  which,  under  the  influence  of  sulphuretted  hydrQgeB» 
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is  conyerted  into  a  basic  compound  homologous  to  aniline.     We  thus  obtaiii 
the  following  group :  — 

Benzol,  Ci^H  fl  Nitrobenzol,  Cj^H  ^1^0^  Aniline,      N(H2,C,2H  -) 

Toluol,  C,4H  ^H  Nitrotoluol,  C^H  ^NO^  Toluidine,  N(Ha,C,.H  ,) 

Xylol,    CjgHjH  Nitroxylol,    CigH  jNO^  Xylidine,   N(Hj,C,gH,) 

Cumol,  CjgHjjH  Nitrocumol,  C,8H„N()4  Cumidine,  NJlHg-CigH^) 

Cymol,  CsqHisM  Nitrocymol,   CjoH^NO^  Cymidine,  N(Hg,CaoH,3) 

ToLuiDiNB,  Ci^HjN  =  N(H2,Ci4H^)  =  N(HaTyl).— This  is  prepared  exactly 
like  aniline. 

Toluidine  forms  colorless  platy  crystals,  very  sparingly  soluble  in  water, 
but  easily  in  alcohol,  ether,  and  oils ;  it  is  heavier  than  water,  has  an  aromatic 
taste  and  odor,  and  a  very  feebly-alkaline  reaction.  At  104°  (40®C),  it  melts» 
and  at  SSS**  (lOS^'C),  boils  and  distils  unchanged:  it  forms  a  series  of 
beautiful  crystallizable  salts. 

Xylidinb,  C,gH„N  =  N(H2,C,8H,)  =  N(HjXyl).  —  Of  this  compound  little 
more  than  its  existence  is  known. 

CuMiDiNK,  CjgHjgN  4-  N(Hj,C,8H„)  =  NcHaCul).  —  This  substance  is  an  oil 
wJiich  boils  at  437°  (225®C).     It  forms  magnificent  salts  with  the  acids. 

Cymidine,  C9gH,5N  =  N(Hj,C2oH,3)  =  N(H2Cyl).— Oily  base,  similar  to  the 
preceding  ones,  but  less  stable,  and  more  readily  oxidizable.  It  boils  at 
about  482°  (250^0).  Cymidine  is  less  easily  prepared  than  the  homologues 
previously  described,  owing  to  the  powerful  action  of  concentrated  nitric  acid 
upon  cymol,  which  furnishes  generally  toluylic  and  nitrotoluylic  acids  (p.  441), 
instead  of  the  nitrocymol,  Cj(jH,3N04.  feut  Mr.  Barlow  has  lately  shown 
that  the  latter  compound  mny  be  readily  obtained  by  exposing  both  acid  and 
hydrocarbon,  previous  to  being  mixed,  to  a  frigorific  mixture.  The  product 
of  the  action  of  nitric  acid  yields  on  addition  of  water,  nitrocymol,  which  may 
be  converted  into  cymidine  by  means  of  iron  filings  and  acetic  acid. 

The  following  base  is  likewise  closely  allied  to  the  group  of  aniline  bases, 
both  by  its  mode  of  formation  and  by  its  constitution, 

Naphthalidinb,  CjdHjN  =  N(H2,Cj(jH,,)  =  N(H2Nyl). — This  substance  is 
interesting,  as  being  one  of  the  first  of  its  kind  produced  by  Zinin's  process. 

It  is  obtained  by  the  action  of  sulphide  of  ammonium  upon  an  alcoholic 
solution  of  nUronaphthalaae,  one  of  the  numerous  products  of  the  action  of 
nitric  acid  upon  the  hydrocarbon  naphthalin,  which  will  be  noticed  in  a  subse* 
quent  section  of  the  Manual.  When  pure  it  forms  colorless  silky  needles, 
fusible,  and  volatile  without  decomposition.  It  has  a  powerful,  not  disagree- 
able odor  and  burning  taste,  is  nearly  insoluble  in  water,  but  readily  dissolves 
in  alcohol  and  ether :  the  solution  has  no  alkaline  reaction.  Naphthalidine 
forms  numerous  crystallizable  salts. 

MIXED   BASES. 

In  one  of  the  preceding  paragraphs  it  has  been  mentioned  that  the  several 
hydrogen-equivalents  in  amnu>nium  may  be  replaced  by  different  hydrocarbon- 
radicals.  In  fact,  on  treating  aniline  or  toluidine  with  bromide,  or  iodide  of 
ethyl,  as  described  under  the  head  of  ethylamine,  the  following  series  of  com- 
pounds are  obtained :  — 

Aniline  N(H,Pyl)  Toluidine  N(HjTyl) 

Ethylaniline  N(HPylAe)  Ethylotoluidine     N(HTylAe) 

Biethylaniline       N(PylAej)  Bi ethylotoluidine  N(TylAea) 

Ammonium-base  N(PylAe,)0,HO  Ammonium-base  N(TylAe,)0,HO. 

Ethylaniline  (ethylophenylamine)  and  biethylaniline  (biethylophenyla- 
mine)  are  liquids  greatly  resembling  aniline.  They  boil  respectively  a) 
t990'2  (204OC)  and  416<'-5  (2130-5C).     The  ammonium-base,  to  which  the 


i 
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Oxidt  of  hitlhyiophmyX-ammonium  nm;  be  givea,  is  soluble  in  inter,* 
K  powerful  Blknlioe  reaction,  oorrfsponding  in  its  ^neral  prnperlifs  lo  ol 
of  Ielretli;l-aDi[nDaiain(teei>Bge4!)6).  The  series  of  bnsps  wbich  maj be' 
lajned  b;  changing  Ibe  radicKls  is  alumst  wilhont  limits:  even  nuw  a  B 
•idemble  Tnriel;  has  been  prodaced.  of  whicb,  hoTrcver.  oiil;  a  l^«  will  I 
menliuneil  here,  %<i  remarkable  for  the  diversitj  of  the  materials  V  '  ' 
IhiT  are  constructed. 

HTDB.TRD     0:<IDS     OF     TRCBTHTL-iKTL-AIIBONIFH,     CaH„NO(  =  B(3C^ 

C,gH„)0.1]0  =  S(AeaA;l)0.H0.     Trietb;lamine  (see  p.ige  496),  when  boi^ 
with  iodide  of  amjl,  ia  bIowIj  converted  inio  a  crjatalllna  mass  of  iodide  I 
Tn'tbylanyX-anmraaum.     The  base  liberated  with  proloiide  of  siWer  u 
aiitled  to  dislillation  yields  olcGnnt  gas,  and 

BiMTHYi^HTLAiiiml.   CuHj^  =  N(2r,H,.C„H„)  ^  N(Ae,AyI),    a 
boiling  at  309"-2  (154°CJ.     This  componnd  ia   mofl  powerfully  attaoked  : 
iodide  of  methyl.     Both  tubetancesimnieHiately  solidify  lo  a  beautifally-ar 
talline  iodide,  from  which  protoxide  of  EiWer  f  epnnttea. 

Htt  ------      —     -  - 


C„H,NO,i 
inoe,  whioA 


N(C,H^2C,H,,C,„H„10.HO  =  N(MoAe,Ayl)0,HO.    This   eubstanoe. 
%  powerTully-alkiiliue  bsse,  soluble  in  water,  when   distilled   undi 
tame  deoomposition  as  the  other  members  of  the  fourth  group  of  baSM, 
\a%  oleSanl  gas,  and 

METHTL-iTitTi^AMTL-AHiNE,  or  ammonin,  in  which  I  eq.  of  hydmgra' 
replaced  by  methyl,  another  by  ethyl,  and  a  third  by  amyl,  Cj|H„N  =:  N(<1* 
C^H^C^H,,)  =  NiMeAeAyl),  This  is  a  basic  oil  of  a  peculiar  Bromatio  M 
boiling  at  270°  (186''C),  and  fonaing  crystalliiable  Ealls  with  the  acids. 

ETHTL-AKiTL-AKiLiNE,     C^H„N  =  N(C,,Hj,C,Hj.C,„H„)  =  N(PylAeAj 
Ethylanilinc  (nee  page  SOil)  treated  with  iodide  of  amyl  yields  the  iodide  of  I 
above  bsse,  which  is  separated  by  distillation  with  potaasu.    It  is  an  ai 
ml,  boiling  at  503°-5  {2e2°C).      The  action  of  iodide  of  methyl  npoD  tt 
Btanee  gives  rise  to  a  new  iodide,  from  whicb  proloiide  of  silver  soparstes. 

M(C,H,.C,H5.C„H„,C^H,)0,H0  =  NiMeAeAylFyljO.HO.  This  dfmponni 
*ery  soluble  in  water,  is  powerfully  alkaline,  and  of  an  extremely  bitter  ti^ 
The  composition,  establiiihed  by  the  examination  of  a  plntinum-salT.  'a  o 
tninly  remarkable,  for  this  oompound  coutains  the  radicals  o'  -  '  ->- 
four  difTereut  alcohols. 


Recent  researches  have  shown  (hat  many  of  the  natural  bases,  when 
niittcd  to  the  action  of  iodide  of  mclhy!  or  ethyl,  fire  cnpnble  of  absorWi 
■mailer  or  greater  Lumber  of  equivalents  of  methyl  and  ethyl.  Tbero  B«t 
no  doubt  that  tho  natural  alkaloids,  like  the  artificial  bases,  are  snbatlMI 
products  of  ammonia,  and  the  deportment  of  these  substances  with  Ibe  * 
hol-iodides,  permits  as  to  aacertaiu  with  great  precision  the  degree  of  as) 
tutiori.  If  a.  Datural  alkaluiil,  wheu  Bubmitted  to  the  notion  of  iodide  of  El 
be  found  to  require  for  conversion  into  a  base  of  the  formula  — 


"{s}"'"' 


H  J  B 
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i  «.,  that  it  is  a  tertiary,  a  secondary,  or  a  primary  amine  base.  All  natural 
alkaloids  which  haye  been  examined,  with  the  exception  of  the  conine,  are 
nitrile-bases. 

MoBPHiNB.  —  An  alcoholic  solution  of  morphine,  when  heated  in  sealed 
tubes  with  iodide  of  methyl,  furnishes  a  crystalline  compound,  C38H22NOfI  := 
C,j(H,j,C2Hj)N0gI.  This  substance  yields,  with  oxide  of  silver,  a  very  alka- 
line solution,  obviously  containing  an  ammonium-base.  Morphine  is  there- 
fore a  tertiary  amine-base;  Cs^HigOg  representing  one  or  several  radicals, 
which  are  together  capable  of  replacing  3  equivalents  of  hydrogen. 

Codeine.  —  With  iodide  of  ethyl  codeine  forms  a  crystalline  iodide, 
C^qH^jNO^J  =  Cj^(H2i,C4H5)N08,I,  furnishing  with  oxide  of  silver  a  soluble 
base.  Codeine  being  considered  as  a  tertiary-amine-base,  C^^^fi^  represent 
8  equivalents  of  hydrogen. 

CiNCHONiNE  and  quinine  yield  with  iodide  of  methyl,  compounds  represented 
respectively  by  the  formulae  C4o(Hj4,C2Hj)N20jI  and  C^oCHa^^CjHjjNjOJ,  which 
by  oxide  of  silver  are  converted  into  soluble  bases  of  the  fourth  class. 

Strychnine  forms  with  iodide  of  ethyl  a  crystalline  compound,  C^^i^^ 
0^U^)'N2OJ.f  yielding  with  oxide  of  silver  a  soluble  base. 

Nicotine. — A  mixture  of  this  base  with  iodide  of  methyl  or  ethyl  solidifies 
after  a  short  time  to  crystalline  masses,  containing  Cio(H,,C8H9)NI  and  C]o(H^ 
C4H5)NI,  convertible  by  oxide  of  silver  into  soluble  bases. 

Conine  is  a  secondary-amine-base.  Treated  with  iodide  of  ethyl,  this  base 
yields  successively  two  iodine-compounds,  namely,  C,5(H,£,C4H5)NI  and 
C,f  [H|4(C4H^)2]NI.     The  latter  furnishes  with  oxide  of  silver  a  soluble  base. 
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In  addition  to  the  artificial  bases  which  have  just  been  described,  several 
others  have  been  formed  by  processes  less  simple  and  less  calculated  to  afford 
a  clear  insight  into  their  constitution.  The  destructive  distillation  of  nitro- 
genous substances  has  furnished  a  rich  harvest  of  similar  substances.  A  few 
of  the  most  interesting  may  be  briefly  mentioned. 

T     'A'  r«**ii  \t  >  obtained  from  coal  oil  and  cinchonin. 

Lepidme      CjoH  ^N  / 

Cryptidine  CgjH,jN      obtained  from  coal-oil. 

Chinoline  (Leucoline)  CjgHj^N. — Quinine,  cinchonine,  strychnine,  and 
probably  other  bodies  of  this  class,  when  distilled  with  a  very  concentrated 
solution  of  potassa,  yield  an  oily  product  resembling  aniline  in  many  respects, 
and  possessing  strong  basic  powers ;  it  is,  however,  less  volatile  than  that  sub- 
stance, and  boils  at  460°  (235°C).  When  pure  it  is  colorless  and  has  a  faint 
odor  of  bitter  almonds.  Its  density  is  1*081.  It  is  slightly  soluble  in  water, 
and  miscible  in  all  proportions  with  alcohol,  ether,  and  essential  oils.  Chino- 
lioe  has  no  alkaline  reaction,  but  forms  salts  with  acids,  which,  generally 
speaking,  do  not  crystallize  very  freely.  M.  Williams  has  lately  shown  that 
the  basic  oil  ol)tained  by  distilling  cinchonine  contains  in  addition  to  chino- 
line two  other  bases  of  very  similar  properties,  to  which  the  names  lepidme 
and  erypiidine  have  been  given.   Lepidine  contains  C^qH^N,  cryptidine  C^^HjiN 

Bases  from  Coal-Tar  Oil, 

Ktanol  and  Leukol.  —  The  volatile  basic  bodies  described  under  these 
names  have  been  identified,  the  first  with  aniline  and  the  second  with  chino- 
line. They  are  separated  from  the  coal-tar  oil  by  agitating  large  quantities 
of  that  liquid  with  hydrochloric  or  diluted  sulphuric  acid,  and  then  distilling 
the  acid  liquid  with  excess  of  potassa  or  lime.  They  are  readily  separated  by 
distillation. 
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^^^H^.  PiooLiKK,  CyHiK.  —  Dr.  Anderenn  fana  described  under  the  foregning  mH 
^^^^nt  Ihlvrl  VDljitils.  oily  base,  wbioli  ia  pruscnl  in  certiiia  Turieties  of  eoal-ttf 
^^^Wnphtlin,  bfling  ilitre  aBHOciuted  vilh  aailioB.  cliinoleiae,  ana  several  011i« 
^^^^1  ToUtile  subBtJiiicGS,  but  imperfeotly  iinderEtoad.  It  U  eepnraled  wi'Jioul  diS- 
^^^■Mllf  rrom  (be  two  bofen  mcntioDed  bj  diEtillnlioD,  in  virtDe  of  its  allp«Tia 
^^^BwoUHIily.  Hcoline,  wliea  pure,  is  b  aolorlesa,  transpareal,  limpid  liquid,  Hi 
^^^V.Mwerriil  and  pfraiiitcnt  odor,  and  aorid,  bitter  taale.  It  is  nnaffected  by: 
^^■'Mld  orO°(— 1T'''TC).  It  in  eilremeif  Tolatilb,  BTapDntteB  rapidly  io  tbt  ' 
^^^H  m]  <Ioes  not  become  brovn  like  aniline  when  kept  in  an  ill-Btopped  * 
^^m  Picolin*  hu  a  fp.  gr.  of  0-%fi,  and  boila  at  272°  (133°-3C].  It  miiD 
^^H  (iroportlnnairilh  pure  water,  but  is  ini'oluhleincanBtiapatiD'Ba  and  iiiosi 
^^^P  Boliitions.  Tlie  alkalinity  of  this  enbatunoe  ia  exceedingly  irell  mnrkei): 
^^B  reslore*  the  blue  color  of  reddened  lilmue,  and  fornia  a  aeries  of  crystalliii' 
■alta.  This  subBtance,  as  seen  from  the  itboTe  formola,  is  iaomeHo  i 
(iniline,  bat  aiuDerous  cbiLracteristio  reaotions  completely  distiliKiiish  itG 
this  body. 

Ba4tt  fiom  A  nimal  OS. 

The  oily  liquid  obtained  by  tbe  difltiUatioa  of  bones  and  Rnimsl  m> 

Sinerally,  frequently  designnled  by  tbe  term  Dippel'a  oil,  contaiiiB  aeTeral 
tile  orgdnio  hnaeB.  Together  with  some  of  the  aabalanceB  already  deaoribl 
■ueb  as  methylaniine,  ethylsaiine,  piooline,  &nd  nniline,  Dr.  Aaderaoa  ' 
(tounJ  in  it  aereral  peouliur  bnsea. 

Pktinine,  C,H„N. — The  properties  of  this  Bubatnnoe  nre  very  analogoiis. 
thoBC  ofbielhylamine  nnd  trie  thy  la  mine.     It  has  tbe  same  composidc 
ethylnmine.  bat   differs  from  it  bj  its   higher  boiling-point,    whiah 

(79°-5C),  thatofbiethjlamine  being  ISS"  (BS^C)  (seepage  ■195).     So 

miats  are  inclined  to  eiplaio  tbis  difference  by  aimuiiiing  that  petioiiie  is 
unmonia-bnae,  containing  the  radical  bulyl,  nhich  was  meationed  under  f 
liead  of  Talerio  acid  (see  also  pnge  415) ;  in  one  word,  that  it  ig  balylavl 
N(1VC,H,),  homologooa  to  elhylamine.  This  sssmnptiim  tnny  be  oom 
but  ia  not  as  yet  supported  by  any  experimental  eijilence.  The  truB  bat 
amine  has  lately  been  oblained  by  M.  Wurtz  trotn  hutyl-nlcobol  (page  41GI, 
the  same  manner  as  ethylomine  is  obtained  from  common  alcohol  (page  it 

PvuioiKE,   CujHgN, — II  much  resembles  picollne,  and  is  obtained  bj  . 
pentedly  rectifying  the  bnaes-of  Dippel'a  oil,  which  distil  at  239"  (116^:). 

LiTTlDitlN,  C)|II,N. — Oily  base  contained  in  the  portion  which  distils  at  3( 
(IWC). 

CoLLiDiisE,  C||II„N, — Oily  base  very  similar  to  the  preceding  ones.    Bl 
ing-point  354'"  (17y=C). 

To  the  same  aeries  alao  belongs  an  oily  base.  lately  isolated  by  Mr.  11 

liams  from  the  hasia  producta  of  the  distiilal- '" -i^--     ■    • 

scribed  by  him  under  tbe  name  of  parvolin 
C,,H„N. 

It  will  be  obaerred  that  theae  bases,  the 
dearly  made  oat,  are  isomeric  with  the  baaci 


Aniline 
Xylidine 


Tbe  first  I 
onknown. 

Id  addition  to  (he  aboie 


C..HJf 
C,,H„N 
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Biaai  obtained  by  the  aetion  of  Ammtmia  upon  Volatils  OiU. 

FiTBFiiHiBE. — Wlien  Bnlphuric  acid  dilated  xitli  aa  equal  bulk  of  water  is 
Barefullf  mii«il  nith  twice  its  weight  of  wheat-bran,  and  the  adhesive  past; 
tnaas  obtained  eiposed  in  a  proper  Teasel  to  the  BCtion  of  n  current  of  steam, 
which  is  afterwards  coadcnaed  by  a  worm  or  refrigerator,  a  liqaid  ia  obtained 
which  holds  in  solution  a.  peculiar  Tolatile  oil,  to  which  the  term  fuT/uroit  has 
been  gi'eD.  B7  redi still stion  several  times  repeated,  the  first  half  of  the  liqoid 
onlj  being  collected,  the  furfurole  can  be  extracted  from  the  water,  and  thea 
by  diatjitation  alone  obtained  in  b.  state  of  purity.  It  hoe  a  pale-yellow  calori 
and  a  fragrant  odor  like  that  of  oil  of  cassia;  its  epeciSc  gruTity  is  1165,  and 
It  boils  at  325°  (I62°SC),  distilling  unchanged.  It  dissolTes  in  all  propoTtioni 
In  alcabol  and  to  a  Tsry  considerHble  extent  in  water,  and  is  readily  destroyed 
by  Btrong  acids  and  cnastic  alkalies,  especially  when  aided  by  heat.  Furfu' 
role  coDtains  CgH^O,,     The  specific  gravity  of  its  vapor  is  3*493. 

The  product  of  furfurole  is  very  greatly  increased,  and  the  operation  much 
&cilitaled,  by  previously  depriving  the  bran  of  all  starch,  gluten,  and  soluble 
matter,  by  steeping  it  in  a  cold  dilute  solution  of  caustic  potassa,  and  washing 
and  drying  by  gentle  heat  or  in  the  sun.  Maceration  in  cold  vnter  for  some 
time  answers  the  same  purpose,  owing  to  the  lactic  acid  formed  in  that  case. 

Id  contact  with  solution  of  ammonia,  furfurole  becomes  converted  in  the 
spnoe  of  a  few  hours  into  a  yellowish -white,  crystalline,  inaolublo  substance, 
fmrfiirolamide,  CuHjNO^:  this  body  ia  slowly  decomposed  in  contact  with  water, 
and  Instantly  by  an  acid  into  ammonia  and  furfurole.  It  may  he  crystallized 
from  alcohol,  however,  in  which  it  dissolves  without  mnch  change.  When 
boiled  with  a  somewhat  dilnte  solution  of  caustic  potasaa,  no  ammonia  is  dis- 
engaged ;  but  the  substance  is  slowly  dissolved  if  tbc  quantity  of  liquid  be  oon- 
nderable,  and  the  EoIutLon  deposits  on  cooling,  small,  white,  silk;  needles,  of 
a  substance  having  the  same  composition  as  furfurolamide  itself.  There  is  no 
other  product.  This  now  body,  to  which  the  name  furfuntu  has  been  given, 
is  a  powerful  organic  base,  forming  witb  acids  a  series  of  beautiful  crystal- 
iiinble  salts,  and  decomposing  at  a  boiling  heat  the  saline  compounds  of  am- 
moaia.  Purfurine  is  very  sparingly  solnhle  in  cold  water,  but  dissolves  in 
about  135  parts  at  212°  {100°C).  Alcohol  and  ether  dissolve  it  freely :  the 
solutions  have  a  strongly- alkaline  reaction.  It  molts  below  the  boiling-point 
of  water,  and  when  strongly  heated  inflames  and  hums  with  a  red  and  smoky 
li^t,  leaving  but  little  charcoal.  Its  salts  are  intensely  bitter.  Farrurine 
oontains  in  1  equivalent  CjgHgjNgO,.' 

FoctrsiNB. — By  treating  several  varieties  of  fuous  with  sulphuric  acid  in 
elaotly  the  same  manner  as  in  the  preparation  of  furfurole,  Dr.  Slerihousa  ob- 
tained a  aeries  of  suh stances,  which  he  designates  by  the  term s /umso (, /oeui- 
ataidt,  and  fucuiine.  They  bave  exactly  the  oame  composition  as  the  corres- 
ponding terms  in  the  furfural- series,  and  also  most  of  their  propertiea,  bu' 
differ  in  some  details. 

Aha&ink  (bebsoline). — The  hydroheniamido  of  Laurent,  C,,I!,9N,.  pro- 
duced by  the  action  of  ammonia  on  pure  bitter-almond  oil  (see  page  438), 
when  long  boiled  with  a  solution  of  caustic  potassa.  suffers  the  same  kind  of 
change  as  furfu rol amide,  becoming  entirely  converted  into  a  new  body  iso- 
meric  with  hydroheniamide,  having  the  oharnoters  of  a  salt  base,  and  to  which 
the  preceding  name  has  been  given.  Precipitnled  by  ammonia  from  a  cold 
potion  of  the  hydroohtorate  or  sulphate,  amarine  separates  in  white  curdy 

Bi  rtmuHibla  nib>tBiin>.  the  nnroit  ippTaBcb  lo  the  nstlTC  ilkiJokUi  yet  mida,  tu  db 
■  I9  the  BDthor  of  thli  Miaiul.— Ess. 


I 

^^^H  WiBSM.  whiah  when  imiilied  unij  dried  bcconic  frre&tl}-  reduced  in  Tolame.  £i 
^^^K  Oie  alate  it  ie  rin^larl}'  eleotrie  b;  friction  with  &  fipstuln.  It  is  iDiwIaUil 
^^^F.Ib  WHler.  but  disBolTCB  nbundnoLly  id  alc«ho1 :  Ihe  Eolution  is  higbl;  slkRliM 
^^^H  tl  l«et-paper.  and  if  suflic^eiitly  concentrated  depotiits  Ihe  gmoriiie  on  staiu' 
^^H.bp  in  the  form  of  Binall,  colorlesB,  prismitic  ctjEtRla.     Below  212°  iIQO^C)' 

K 

I 
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t'WllB.  aod  on  coaling  assunieii  a  glasB;  or  TeBinooB  copditian.     Etrongl;  heal 


I 


.  ._ .         dcBomposea  with  prodnotion  of  atnmoaia.  and  a  volatile  (n1 

yet  eismincil,  and  a  now  body.  yycoinMoiine  or  lopkittf.  CuH^^T),  wbjch  i^ 
'    *    »  neutral  sub^tiince,  insoluble  in  water,  Boluble  in  boiling  aliiofal 
iiiig  a  large  qnantilj  of  nitrogen.     I(  is  fdaible  b;  moderate  beti 
•nd  on  cooling;  becomes  a  maes  of  colorleee.  radlatice  needles  or  plates.    Tbt 
iltB  of  amarine  are  hiobIIj  spsringlj  solnble:  Ihe  eulpliate,  nitrate,  and  hj* 
rochlornte  are  crjBta II liable  and  Terj  definite.     Aioaiine  contains  C^HnNr' 
TliioBiiiAMiNE.— The  volatile  oil  distilled  from  black  moFtard-Eeed,  ^H^^ 
♦bieh  has  been  already  mentioned  under  the  head  of  allyl-EericB,  snd  wlu^ 
Vill  be  noticed  further  on,  in  contact  with  solution  of  ammonia,  yielda  a  co 
pound  bikving  tbo  characlera  of  an  organic  baec.  and  forming  eolorleis,  pi 
aatic  cryelitle.  bitter  in  taste  and  soluble  in  water.     The  eolotion  dON  I 
■flfect  test-paper.     It  tnelts  when  heated,  but  cannot  be  niblimed.     Addict 
bine  with  it,  but  form  no  crjstalliinble  sails :  tfaa  double  salts  of  Ibe  hjd 
chlorate  witii  bichloride  of  platinum  and  corrosiTe  sublimate  are  the  noali 
finite.     This  substance  oontaina  sulphur;  its  formula  is  CgB^^    It  iai 
only  product  of  the  action  of  ammonia  on  ihe  oil. 

Tbiosinamine  is  decomposed  by  metallic  oxides,  as  protoxide  of  lead,  w 
production  of  a  metallic  sulphide  nnd  a  new  body  of  bai<ic  properties,  free  IV 
■ulphur,  called  linamint.  This  latter  substance  crystatlizes  Tery  slowly  fr 
n  eonccnlralcd  aqneoos  solution  in  hrillisnt,  colorless  crystals  wbioh  MDt 
water.  It  bag  a  powerfully 'bitter  taste,  u  strongly  alkaline  to  teal-paper,  I 
decompose*  ammoniacal  salts  by  boiling.  With  the  exceplioo  of  the  oiali 
it  form?  no  crystalUxable  salts.  Sinnmine  contuns  in  the  oryatalliled  It 
CjII-N^HO. 

^en  mustard-oil  is  treated  with  proloiide  of  lead  or  baryta.  Ihe  whole  of' 
the  HolphuT  in  withdrawn,  nnd  carbonic  acid  and  another  bairie  substance  "' 
duced.  which,  when  pore,  crysialUjes  in  colorless  plates,  "oluble  in  water 
In  alcohol ;  tbe  solution  has  a  distinclly-allialine  reaction.     SinejKJme, 
body  so  formed,  contains  C„FI„N^i. 

Bam  from  AldciyiU. 

TiiULniNK. — The  crystsllineeomponndof  aldehyde  with  umiaanis  (see  l. 
888)  is  dUsoWed  in  from  12  to  10  parts  of  water,  miied  with  a  few  dnipsi 
caustic  aninionia,  and  then  Ihe  whole  Eubjecled  to  a  feeble  fitream  of  anlpb 
rellijd  hydrogen.     After  a  lime  the  liquid  brcomeB  turbid,  and  depew'to 
while  crystalline  substance,  which  ia  the  body  in  queslicD.     It  ia  Kpanll 
wnshed.  dissolved  in  ether,  and  the  solution  mixed  with  alcohol  and  left 
evaporate  Hponlaneongly,  by  which  means  the  base  is  obtained  in  large, 
Inr,  rhombic  crystals,  having  the  figure  of  those  of  common  gypmm. 
crystals  aro  heavier  thnn  water,  transparent  and  coloriess.      They  r 
light  strongly.     The  substance  has  a  somewhat  aromatic  odor,  melta  at  III 
(43°'3C),  and  volntilhes  slowly  at  common  temperatures.    It  distita  unctiiui| 
with  the  vnpor  of  waler.  but  decomposes  when  healed  alone.     It  ia  W 
■parlnely  soluble  in  waler,  easily  in  alcohol  and  ether.      It  has  no  action 
vegetable  colors,   but  dissolves  freely  in  acids,  forming  cryslalUtable  ml 
Heated  with  hydrate  of  lime  it  yields  chinolinc.     Thialdine  contains  C^U^^ 

A  very  similar  compound  contaiuitig  seleninm  eiiels. 

ibetance  is   likewise   obtained  frota    aldehyde.      It  1 
discovered  by  Sirecker,  who  obtained  it  iu  a  reaction,  which  ~~ 
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Interesting  results.  If  an  aqueous  solution  of  the  ammonia-compound  of  aide* 
liyde  be  treated  with  hydrocyanic  and  hydrochloric  acid,  chloride  of  ammo- 
aium  is  formed,  together  with  hydrochlorate  of  alanine.  On  adding  to  this 
eolation  a  mixture  of  alcohol  and  ether,  the  greater  portion  of  the  chloride  of 
ammonium  is  precipitated ;  the  filtrate  is  then  treated  witii  protoxide  of  lead 
to  remove  a  small  quantity  of  ammonium  and  hydrochloric  acid,  and  separated 
from  the  lead  by  sulphuretted  hydrogen.  The  liquid  thus  obtained  deposits 
feathery  crystals  of  alanine.  The  composition  of  alanine  is  O^H^NO^,  and  its 
formation  represented  by  tht  equation : — 

C^H^Oa      +       HCjN      +      2H0      =      C^H^NO^ 

Aldehyde.       Hydrocyanic  Alanine. 

,    acid. 

Alanine  crystallizes  in  rhombic  prisms  of  the  lustre  of  mother-of-pearl.  They 
are  pretty  soluble  in  cold,  but  more  so  in  boiling  water ;  they  dissolve  bat 
little  in  alcohol,  and  not  at  all  in  ether ;  the  solution  has  a  sweetish  taste,  but 
no  effect  upon  vegetable  colors.  Alanine  is  a  weak  base:  as  yet  only  a 
crystalline  nitrate  has  been  obtained,  but  several  combinations  with  metfUlio 
oxides  have  been  produced.  This  substance  has  the  same  composition  as 
laotamide  (see  page  369),  urethane  (see  page  876),  and  sarcosine,  which  will 
be  described  in  the  section  on  the  Components  of  the  Animal  Body.  But  it  is 
only  isomeric  with  those  substances  from  which  it  differs  in  its  physical  and 
chemical  properties.  The  most  interesting  feature  in  the  history  of  alanine  is 
its  behaTior  with  nitrous  acid.  Under  the  influence  of  this  reagent  it  is  con- 
verted into  lactic  acid,  identical  in  every  respect  with  that^  obtained  in  the 
fermentation  of  sugar  (see  page  868).  This  reaction  is  represented  by  the 
following  equation :  — 

C«H,N04    +    NO.    =    C^HjOyHO    +    2N  -f  HO 
Alanine.  Lactic  acid. 
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All  the  numerous  members  of  this  extensive  group,  which  have  been  con- 
sidered in  the  preceding  section,  invariably  contain  nitrogen.  Recent  re- 
searches, however,  have  shown  that  there  exist  three  series  of  analogous 
substances  which  contain  phosphorus,  antimony,  and  arsenic,  in  the  place 
of  nitrogen.  These  remarkable  compounds,  which  are  not  yet  sufficiently 
Imown,  will  be  briefly  noticed  in  the  subsequent  paragraphs 

Fhosphortu-bases, 

If  a  cnrrent  of  chloride  of  methyl  (see  page  401),  be  passed  over  a  layer 
of  phosphide  of  calcium  (see  page  259),  heated  to  about  856®  (ISO^'C),  a 
mixture  of  several  phosphoretted  bodies  is  produced,  which  are  partly  liquid 
and  partly  solid.  M.  Paul  Th^nard,  who  has  investigated  this  subject,  hae 
separated  from  this  mixture  three  compounds,  containing  carbon,  hydrogen, 
and  phosphorus,  which  he  believes  to  correspond  to  the  three  hydrides  of 
phosphoms  (see  page  186). 
48* 
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Phm^borrtM  PhMTyhoMltrt 

P.H PiC,H,  =  PjMa 

PH. P:iL' lli  =  PMe, 

PH, P3C,II,=  PMe^ 

Ab  fitr  u  citn  fae  Been  from  the  results  obtnined  bj  M.  Th^nard,  vbioh  ni 
not  been  piihliiihcd  in  detail,  tho  two  Iniit  BubBlnnceeiire  powErful  bases  ai 
guus  to  the  baeea  of  the  nitrogen-series.     These  eubetnnceB  nre  Tery  difi 

prcpnrs,  one  of  them  is  even  spontaneousl}'  inSammable.  so  that  thtai  at 

B  been  nttenclGd  irith  great  difficulty  tmd  eTeo  danger — circumst 
raflicienllj  account  for  tbe  insufficiency  of  the  description. 

The  sutyect  of  tbe  phosphorus-buses  bus  been  lately  ejcnmined  agun  fi 
MM.  Cahours  and  Hofmann,  who  have  diacoTered  a  method  of  prepnring  IbtM 
subataucoa  bj  means  of  a  process  which  yields  very  definite  results.  In 
former  sectioiiB  of  this  work,  two  remarkable  Hubatances  hoTe  been  noti* 
discovered  by  Dr.  Frsnkland,  and  described  by  him  under  the  name  of  n. 
mtlSgl  and  linc-tlliyl  (pp.  3Bt>  and  402).  These  aubatnnces,  when  aubmiltcd] 
the  action  of  terchloride  of  phoaphorus.  furnish  saline  compounds  conli 
reapeolirely  PMe„,3ZDCl,  and  PAe,.iiZnCl,  from  whieb,  by  diatillatioii  « 
potasaa,  the  bases  PMog  and  FAe^,  may  be  liberated. 

Tbiethtlphobphine,  C„II,sP^  PAc^ — This  subatanoe  is  n  colorleHS  oil^ 
a  Tory  penetratigg  phosphorous  odor,  which  boils  at  266°  (130°0). 
slowly  oiidiied  in  atmosplierio  air.     The  vapor,  healed  with  air  or  oijgep. 
explodes.      In  chlorine  gas  it  burns  with   separation  of  carbon,  hydraclilnrit 
acid  and  pentncliloride  of  phosphorus  being  produced.  With  the  ncids  it  rurmi 
cryHtallina  compounds,  which  are  Tery  deiiquesceoL     With  iodide  of  metb'V 
etliy%  and  amy],  it  HOlldifieB  after  a  few  moments  to  crygtalliue  eomponM&l 
conlaining  reapectively  P(Ae,Me)I,-PAe(I  and  P(Ae,A;l)l,  which  are  decclH 
posed  by  oxide  of  silver,  yielding  powerfully-alkaline  liquids,  coaluningilH 
hydrates  P(Ae,\[e)0,HO-PACfO,HO  and  P(Ac,Ayl]0,  HO,  which  rcsemblvjH 
efery  respect  Ihe  aoimonium-basea  of  tho  fourth  class.  J^| 

Tbihbthyl-fhospikne,  CiII,P  —  PMe,.— ThiB  substance  ia  very  rimilal'jM 
the  corresponding  ethyl-base,  but  more  volatile.  When  left  in  contact  im^| 
atmospheric  air,  it  furnishes  a  compound  which  cryataltixes  in  besnm^l 
white  needles.  With  iodide  of  methyl,  ethyl,  and  amyl  it  fiimiKhea  <MB 
iodides  FMe^I,  P(Me^B)I,  and  F(Me,Ay1)I,  from  which  three  aoaloplifl 
tiydrates  can  be  produced  by  means  of  oxide  of  silver.  ■ 

Anlimong-biua,  fl 

Among  the  derivatives  of  aleobol,  a  compound  of  antimony  with  3  eq.  itW 
ethyl  has  been  briefly  noticed  (see  page  387)  under  tho  name  of  ttib^l^M 
Tlie  eompusition  of  this  remarkable  compound  approximates  it  to  trietbyil^| 

"'"«•".>■•'". "A-  ■  ■  .  ■  {'"ssii:"'}™**  I 

A  closer  eiamination  has  shown  that  this  substance  differs  in  nui^l 
points  fi'om  Iriethylamioe  i  bat  that,  in  one  very  essential  cbtu-acter,  thetflH 
substances  agree  in  tbe  most  perfect  manner,  ^M 

The  properties  of  stibethyl  are  the  following:  it  is  a  transparent,  t^H 
mobile  liquid,  of  a  penetrating  odor  of  onions.  It  boils  at  317°  (l£S°'t^^| 
In  contact  with  atmospheric  air,  it  emits  a  dense  white  fume,  and  freqeeanH 
even  takes  fire,  bnming  with  a  white  brilliant  flame.  It  combines  diiM^H 
with  2  eq.  of  oxygen,  sulphur,  chlorine,  and  iodine.  jH 

Binoxide  o/  lUbithyl,  SbAe,0^  forms  »  viscid  tranaporeiit  mass  aolnbliiH 
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water  snd  alcoboL  It  ia  eitremel;  bitter  and  not  paiBonoue.  This  sabBtanaa 
cannot  be  Tolatiliied  williout  decomposition.  Binoxicie  uratibetLyl  combin«8 
vith  acidf,  giving  rise  yj  tbe  fumialion  af  crjrBtalliz&ble  salts  containing  2  aq. 

Bimtphide  of  ttihithyl,  8bAe,S,.  —  Beautiful  crystals  of  silverj  lastre,  ioln- 
ble  in  water  and  alcohol.  Tboir  toate  ia  bitter,  and  tbeir  odor  similar  to  that 
of  merc&ptan.  The  solution  of  this  componod  exhibits  the  deportment  of  an 
alkaline  sulphids;  it  precipitates  the  solution  of  the  motnls  as  sulpbides,  a 
Bolnblo  eatl  of  stibetbyl  being  formed  nt  the  same  time.  This  Jeportment, 
indeed,  affords  tbe  simplest  means  of  preparing  the  salts  of  stibetbyl, 

JSkhtoride  0/  itibe£hj/l,  SbApjCt, —  Colorless  liquid  of  the  odor  of  oi!  of 

Bmiodida  of  itihetkyl,  SbAe,!,. — Colorless  needles  of  in  tensely- bitter  tatts. 

The  analogy  of  stibethyl  with  trie  thy  latnine  is  best  eibibited  in  its  deport- 
ment with  iodide  of  ethyl.  The  tvo  subslanoes  combine  to  a  new  iodide, 
cODtainiDg  SbAe^t,  from  which  a  powerful  allialine  baae  may  be  separated  by 
the  oclioD  of  protoxide  of  silver.  This  substance,  which  must  enidentlj  ba 
ualogouB  to  oxide  of  tetrethyl-ommoDium, 

NAejO.HO  SbAe,0,HO, 

liOB  not  yet  been  minutely  eiamined. 

A  eeriea  of  tinulogous  substanocB  siist  in  the  methyl-series.  They  hsTt 
been  examined  by  M.  Lajidolt,  who  has  described  eereral  of  its  compooadl, 
and  aeparated  the  methyl-antimony -base  corrcaponding  to  oxide  of  tetrethjl- 

The  iodidf.  SbMe^I,  produced  by  the  action  of  iodide  of  methyl  upon  stibme- 
Ihjl,  crystalliiBs  in  white  aii-aided  tables,  which  are  easily  aolubie  in  water 
and  alcohol,  and  slightly  soluble  in  ether.  It  has  a  ter;  bitter  taste,  and  ia 
deoompoBod  by  the  action  of  heat.  When  treated  with  protoxide  of  silver,  it 
yields  a  powerfully- alkaline  solution,  exhibiting  all  the  propertiea  of  potaaaa, 
from  which,  ou  evaporalion,  a  white  crystalline  moaa.  the  hydrate  of  tbe 
baae,  SbMejO,HO,  cryBtalliies.  This  compoaod  forms  au  acid  salt  with  eul- 
pkurio  acid,  which  crystallizes  in  tables.     It  contains  SbMe«0,S(^+  HO,S0^ 

Arienic-baia. 

It  hsB  been  mentioned  already  (page  387),  that  an  alloy  of  areenio  and 
■odiam,  when  submitted  to  tbe  action  of  iodide  of  ethyl,  gives  rise  to  the  for- 
mation of  an  arsenic  compound  analogous  to  atibethjl,  which  has  been 
described  under  the  name  of  araenethyl,  bat  which  more  spproprialoly  might 
be  called  trie  thy  larsine,  since  its  composition  may  be  eipresaed  by  the  for- 
mnUCuHij.'Vs  =  Ae,A9.  Together  with  this  substance  another  body,  oon- 
■"  ■■  '.s  =  AcjAs,  ia  formed,  which  ia  perfectly  analogous  to  caoodyl, 
"t~  Both  compouads  are  liquids  of  powerful  odor,  which  may 
distillation  in  on  atmosphere  of  carbonic  acid,  when  the  Iri- 
ethylarBine  passes  over  last. 

T&iBTHYL.^BBiNB  la  a  coloHesB  liquid  of  a  most  disagreeable  odor,  similar 
to  that  of  nrsenietted  hydrogen,  solable  in  water,  alcohol,  and  ether,  and 
boiling  at  284'  (liO''C).  Trietliylaraine  combines  directly  with  oxygon,  aul- 
phur,  bromine,  and  iodine,  giving  riae  to  a  Bories  of  compounda  containing 
2  equivalentB  of  oxygen,  sulphur,  bromine,  and  iodine.  They  are  analogous 
to  the  corresponding  compounds  of  stibethyl. 

Whan  tricthylarsine  is  submitted  to  the  action  of  iodide  of  ethyl,  a  crystal- 
line compound  is  formed,  containing  AsAe^I,  from  which  freahly-preoipitaled 
Slide  of  silver  separates  the  corresponding  oxide,  ABAe,0,[lU,  which  ia 

M. 
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powerfally-alkaline  substance,  similar  to  the  corresponding  nitrogen-,  phc«> 
phoms-,  and  antimony-compounds. 

Analogous  substances  exist  in  the  methyl-series,  ^methylarsine,  AsMe^ 
IS  formed,  together  with  cacodyl,  AsMeg,  when  an  alloy  of  arsenic  and  sodiain 
is  submitted  to  the  action  of  iodide  of  methyl.  It  unites  with  iodide  of 
methyl,  producing  a  compound,  AsMe^I,  from  which  oxide  of  silver  separate! 
the  body  AsMe40,H0.  The  iodide  just  mentioned  is  formed,  together  with 
iodide  of  cacodyl,  when  cacodyl  is  acted  upon  by  iodide  of  methyl. 

2(AsMe^)  +  2MeI    =    AsMeJ    +    AsMeJ. 

By  substituting  iodide  of  ethyl  for  iodide  of  methyl  a  compound, 
As(Me^Aeg)I,  is  formed.  All  these  compounds  are  decomposed  by  oxide  of 
Bilver. 

The  following  table  exhibits  the  groups  of  phosphorus-,  antimony-,  and 
arsenic-bases,  in  juxtaposition  with  the  nitrogen-series :  — 

Nitrogen        Phofphonif        Antimony  Anmie 

series.  Mdiea.  eeriee. 


Hydrogen  compound  .  NHj  PH^  SbHf  AaBf 

Ethyl-base  .        .  .  NH,Ae  _  —  .. 

Biethyl-base         .  .  NHAe^  —  — -  — - 

Triethyl-base  .  NAe,  PAe^  SbAe^  AsAe^ 

Ammonium-baae  .  .  NAe40,H0  PAe40,H0  8bAe40,HO  AaAe40,HC 
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ORGANIC  COLORING  PRINCIPLES. 


The  organic  coloring  principles  are  sabstances  of  yery  considerable  practi- 
cal importance  in  relation  to  the  arts :  several  of  them,  too,  have  been  madt 
the  subjects  of  extensive  and  successful  chemical  investigation.  With  the 
exception  of  one  red  dye,  cochineal,  they  are  all  of  vegetable  origin. 

The  art  of  dyeing  is  founded  upon  an  affinity  or  attraction  existing  between 
the  coloring  matter  of  the  dye  and  the  fibre  of  the  fabric.  In  woollen  and 
silk  this  affinity  is  usually  very  considerable,  and  to  such  tissues  a  permanent 
3tain  is  very  easily  communicated,  but  with  cotton  and  flax  it  is  much  weaker. 
Recourse  is  then  had  to  a  third  substance,  which  does  possess  in  a  high  degree 
such  affinity,  and  with  this  the  cloth  is  impregnated.  Alumina,  sesquioxido 
of  iron,  and  oxide  of  tin  are  bodies  of  this  class. 

When  an  infusion  of  some  dye-wood,  as  logwood,  for  example,  is  mixed 
with  alum  and  a  little  alkali,  a  precipitate  falls,  consisting  of  alumina  in 
combination  with  coloring  matter,  called  a  lake  ;  it  is  by  the  formation  of  this 
insoluble  substance  within  the  fibre  that  a  permanent  dyeing  of  the  cloth  is 
effected.  Such  applications  are  termed  mordants,  Sesquioxide  of  iron 
usually  gives  rise  to  dull,  heavy  colors ;  alumina  and  oxide  of  tin,  especially 
the  latter,  to  brilliant  ones.  It  is  easy  to  see  that,  by  applying  the  mordant 
partially  to  the  cloth,  by  a  wood-block  or  otherwise,  a  pattern  may  be  pro- 
duced, as  the  color  will  be  removed  by  washing  from  the  other  portions. 

INDIGO. 

Indigo  is  the  most  important  member  of  the  group  of  blue  coloring  matters. 
It  is  the  product  of  several  species  of  the  genus  indiffofera,  which  grow  prin- 
cipally in  warm  climates.  When  the  leaves  of  these  plants  are  placed  in  • 
▼essel  of  water  and  allowed  to  ferment,  a  yellow  substance  is  dissolved  out, 
which  by  contact  of  air  becomes  deep  blue  and  insoluble,  and  finally  precipi- 
tates. This,  washed  and  carefully  dried,  constitutes  the  indigo  of  commerce. 
It  is  not  contained  ready-formed  in  the  plant,  but  is  produced  by  the  oxida- 
tion of  some  substance  there  present.  Neither  is  the  fermentation  essential, 
as  a  mere  infusion  of  the  plant  in  hot  water  deposits  indigo  by  standing  in 
the  air. 

The  occurrence  or  production  of  small  quantities  of  indigo  in  urine  had  been 
observed  by  Hassel  and  others:  it  was,  however,  generally  considered  as  a 
morbid  secretion ;  but  lately  Dr.  Schunck  has  proved  that  traces  of  indigo 
may  be  procured  from  healthy  urine.  The  process  by  means  of  which  this 
object  may  be  attained  is  rather  complicated.  For  a  description  of  this  pro- 
cess, and  for  a  full  account  of  his  researches  on  the  formation  of  indigo-blue, 
which  would  overstep  the  limits  of  this  elementary  work,  the  reader  is  re^ 
ferred  to  Dr.  Schunck's  original  papers.^ 

Indigo  comes  into  the  market  in  the  form  of  cubic  cakes,  which,  rubbed 
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with  a  bard  body,  oihibit  n  copper-red  appeuranee;  its  powdur  hai  an  ». 

ti-iiBely  deep-bluu  tint.     The  bosl  i»   so   light  as  to  swim  upon  water.    ^ 

oddilion  to  the  blue  coioring  mutter,  iir  true  iniiiga,  it  contains  at  least  htl^ 

its  wuiglit  of  TariouB  impurities,  among  which  niiiy  be  noticed  a  red  resdnoi 

L  Visiter,  the  mdigo-rid  of  DeneUus;  these  idh;  be  extraclud  by  boiling  ll 

■  Snwdered  indigo  in  dilute  acid,  alkali,  anil  afterwurds  in  ulcohul. 

*  ~    Pure  indigo  is  quite  insolable  in  water,  alcohol,  oils,  dilute  acids,  and  alfc 

^os;  it  diEBDWee  in  about  16  parts  of  conceBlrated  sulphuiHc  acid,  fcniun| 

I  deep-blue  pasty  ujssb,  entirely  soluble  in  water,  and  often   used  iu  dyeilij 

'  is  is  lutpkaidgUc  or  lulpliindisotic  aeid.  a  compound  aoalogous  to  sulphuTM 

iid,  capable  of  forining  with  allcnliue   buses  blue   saka,  wliioh,  nlthoni 

.aily  soluble  in  pure  water,  are  insoluble  in  saline  solntions.    If  an  msilfliine 

,iantily  of  enlphuric  acid  has  been  employed,  or  digestion  not  lonu  uuoW 

r  ountinued,  a  purple  powder  is  left  on  diluting  the  acid  mass,  soluble 

'  lanUty  of  pure  water.     The  Nordhausen  acid  atiawers  fur  better 

g  indigo  than  ordinary  oil  of  litriol.   Indigo  may,  by  cautious  mauagcnifl 

I  volatiliied ;  it  forms  a  fine  purple  vapor,   which   condenses  in  hrUlil 

I   Oopper-colorcd  needles.      The  beet  method  of  subliming  this  sntstante  is,  I 

I   cording  (o  Mr.  Taylor,  to  mix  it  witb  plaster  of  Paris,  uukke  the  wliola  inl( 

I   [Hute  with  water,  and  spread  it  upon  an  iron  pluto.     1  part   indigOi  and 

'   parts  plaster,  answer  Tcry  well.     This,  when  quite  dry,  is  heated  by  a  qill 

lamp :  the  volatiliiation  of  the  indigo  is  aided  by  the  vapor  of  water  i£aeapa 

from  the  gypanm,  find  the  Burface  of  the  muss  becomes  covered  with  beautt 

crystals  of  pure  iodigo.  whiuli  may  be  easity  removetl  by  a  thin  Hpatulft,    i 

k  higher  tempernture,  charring  and  deoompusition  lake  place. 

In  contact  with  deoxidiiing  agents,  and  with  an  alkali,  indigo  Buffers  a  H 
jurioua  change ;  it  bacomea  aolnble  uod  neurly  colorless,  perhaps  retominf 
the  same  slate  in  which  it  existed  in  the  plant.  It  is  on  tJiia  principle  4 
the  dyer  prepares  bis  mdigo-vat :  —  6  parts  of  powdered  indigo,  10  paru  I 
peen  yitriol,  15  parts  of  hydrate  of  lime,  and  60  paita  of  water,  are  agiull 
together  in  a  close  vessel,  and  then  left  to  stand.  The  bydrated  prolozidi< 
IroD,  in  coi^junction  with  the  excosa  of  lime,  reduces  the  indigo  to  the  aolnl 
stale;  a  yellowish  liquid  is  produced,  from  which  acids  precipitate  ibe  ni 
idiitd  indigo  as  a  flacculenl  insoluble  subntunce,  which  absorbs  o^p 
with  the  greatest  avidity,  ood  becomes  bine.  Cloth,  steeped  in  the  alkil 
liquid,  and  then  exposed  to  the  air,  acquires  a  deep  and  most  permaDent  bt 
tint  by  the  deposition  of  solid  insoluble  iodigo  in  the  subHtunoe  of  the  Bl 
Instead  of  the  iron  salt  and  lime,  a  mixture  of  dilute  oaustio  soda  and  grf 
eugur  dissolved  in  ulcoho)  may  be  used ;  the  sugar  becomes  axidiied  10  totp 
acid,  and  the  indigo  reduced.  On  allowing  a  solution  of  this  descriptioD 
remain  in  oontsot  with  the  air,  it  absorbs  oxygen  and  deposits  the  indigo 
the  eryatalline  condition. 
The  following  formula  represent  the  oomposition  of  the  bodies  desciilwdi 

Blue  insoluble  indigo C„H^O, 

White,  or  reduced  indigo'.         .         .         .     0|,H,NO, 
SulpbindyUc  acid 0^(1.^0,230^  HO. 

Fnductt  of  the  DtcompniUon  of  Indigo. 
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much  as  they  connect  this  substance  in  a  Tery  enrions  manner  with  seyeral 
other  groups  of  organic  bodies,  especially  with  those  of  the  salicyl-  and 
phenyl-series.  Many  of  them  are  exceedingly  beantifol,  and  possess  Tery  re' 
markable  properties. 

IsATiN.  —  One  part  of  indigo  reduced  to  fine  powder,  and  rubbed  to  a  paste 
with  water,  is  gently  heated  with  a  mixture  of  one  part  of  sulphuric  acid 
and  one  part  of  bichromate  of  potassa  dissoWed  in  20  or  30  parts  of  water. 
The  indigo  dissolves  with  very  slight  disengagement  of  carbonic  acid  towards 
the  end,  forming  a  yellow-brown  solution,  which,  on  standing,  deposits  im- 
pure isatin  in  crystals.  These  are  collected,  slightly  washed  and  redissoWed 
in  boiling  water :  the  filtered  solution  deposits  on  cooling  the  isatin  in  a  state 
of  purity.  Or,  powdered  indigo  may  be  mixed  with  water  to  a  thin  paste, 
heated  to  the  boiling-point  in  a  large  capsule,  and  nitric  acid  added  by  small 
portions  until  the  color  disappears ;  the  whole  is  then  largely  diluted  with 
boiling  water,  and  filtered.  The  impure  isatin  which  separates  on  cooling  is 
washed  ¥rith  water  containing  a  little  ammonia,  and  re-crystallized.  Both 
these  processes  require  careful  management,  or  the  oxidizing  action  proceeds 
loo  far,  and  the  product  is  destroyed. 

Isatin  forms  deep  yellowish-red  prismatic  crystals  of  great  beauty  and 
lustre ;  it  is  sparingly  soluble  in  cold  water,  freely  in  boiling  water,  and  also 
in  alcohol.  The  solution  colors  the  skin  yellow,  and  causes  it  to  emit  a  Tery 
disagreeable  odor.  It  cannot  be  sublimed.  Isatin  contains  the  elements  of 
indigo  plus  2  eq.  of  oxygen,  or  C,^ H^N04. 

A  solution  of  potassa  dissoWes  isatin  with  purple  color :  from  this  solution 
acids  precipitate  the  isatin  unchanged.  When  boiled,  howcTer,  the  color  is 
destroyed,  and  the  liquid  furnishes  on  oTaporation  ciystals  of  the  potassa-salt 
of  a  new  acid,  the  isatie,  containing  C|0H0NOg,HO.  In  the  free  state  this  is  a 
white  and  imperfectly-crystalline  powder,  soluble  in  water,  and  easily  decom- 
posed into  isatin  and  water. 

By  chlorine  isatin  is  couTcrted  into  the  substitution  product  chlorisatm, 
C||(H4C1)N04,  a  body  closely  resembling  isatin  itself  in  properties.  If  an 
alcoholic  solution  and  excess  of  chlorine  be  employed  other  products  make  their 
appearance,  as  ehloranile,  €1201404,  iriehlorophenol,  C^{HJC\^)02,  and  a  resinous 
substance.  The  former  of  these  substances,  the  position  of  which  in  the 
kinone-series  has  been  already  noticed  (page  456),  yields  other  products  with 
potASsa  and  ammonia.  Bromisatin  is  easily  formed.  The  change  which  isatin, 
and  its  chlorinetted  and  brominetted  congeners,  undergo  when  submitted  to 
the  action  of  fusing  hydrate  of  potassa,  has  been  already  considered  in  the 
section  on  the  Artificial  Organic  Bases  (see  page  499). 

Exposed  to  the  action  of  sulphuretted  hydrogen  and  sulphide  of  ammonium, 
isatin  furnishes  soTeral  new  compounds,  as  uathyde,  aulfesathyde^  sul/asatfiyde. 
A  hot  solution  of  isatin,  when  treated  with  sulphide  of  ammonium,  gives 
rise  to  a  deposit  of  sulphur,  a  white  crystallized  substance  being  produced  at 
the  same  time :  it  has  receiTed  the  name  of  itathydey  and  contains  Ci^H^N04. 
It  is  obTious  that  it  bears  to  isatin  the  same  relation  as  white  to  blue  indigo. 
If  the  sulphide  of  ammonium  be  replaced  by  sulphuretted  hydrogen,  bisulphi- 
tathyde,  Gi^H^NO^,  is  produced,  which  is  the  former,  2  eq.  of  oxygen  being 
replaced  by  2  eq.  of  sulphur.  An  alcoholic  solution  of  potassa  converts  this 
into  sulphisathyde,  Ci^HfNOJS,  in  which  only  one-quarter  of  the  oxygen  in 
isathyde  is  replaced  by  sulphur.  Under  the  influence  of  cold  aqueous  solution 
of  potassa,  bisulphisathyde  yields  indirif  CjgHgNOj,  which  is  isomeric  with 
white  indigo.  When  treated  with  boiling  potassa,  indin  fixes  the  elements  of 
2  eq.  of  water,  and  becomes  indie  acid,  C,eHfN03,H0,  the  potassa-salt  of 
which  forms  fine  black  needles. 

Ammoniacal  gas  and  solution  of  ammonia  yield  with  isatin  a  series  of  inte* 
resting  substances,  containing  the  nitrogen  of  the  ammonia  in  addition  t' 
that  of  the  isatin. 
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DM  iKDiGO.  —  Id  tb«  dry  eUte  eblorine  baa  no  mUi 
1  at  Uie  tcmperalure  of  21'.:°  (IOO°C}-  Id 
i&  insluDtly  destrojed,  aod  cannot  again  be  reBlot* 
with  the  btn«  Eulutiou  of  eDlphindjIio 
1  miilure  of  powdered  indigo  and  t 
l^or  diaappeara,  and  the  product  la  then  distilled  in  a  retorl,  ^ 
Ihg  bydrucLlorio  acid  and  Si  mixture  of  two  volatile  bodies,  t 
1-C-(H,C^)N,  and  tridilorophenql,  C„(D,CIJOr  pH»B  over  into 
I'  wbile  the  residue  In  the  retnrt  is  found  to  contaiD  chloriBBtta,  already  m 
I  tion«d,  and  bichleriiam,  C^(H,CI,)KOj,  much  resembling  the  former,  but  to..^ 
I  fceel;  aotubia  in  alcohol.  Both  these  bodies  ;ield  acida  in  contact  with  boi 
I  Ing  aolution  of  potasaa,  by  assimilating  the  elements  of  watw 
■'  n  of  bromine  en  indigo  ia  very  sin.ilar. 

ND  Pica  10  Acipa.  —  Jinilic  or  indigolio  acid  is  prepared  by  addti 
powdered  indigo  to  a  boiling  mixture  of  1  pari  of  uitrio  acid  anil  10  parti  I 

inlil  the  disengagempnt  of  gas  ceases,  filtering  the  hot  dark-colo« 

Mid  allowing  it  to  slnnd.  The  impure  anilio  acid  so  obtained  tBndl 
^  lertcd  into  Ibe  load-salt,  which  in  purified  by  crystallisation  and  tbe  nsat 
Luin]  charcoal,  nod  then  decomposed  by  sulphuric  acid.  Anilio  acid  f«M 
I  flue  white  or  yellowish  needles,  which  hare  a  leebly-acid  taste,  and  very  effi 
I  ring  degree  of  solubility  in  cold  water.  lu  hot  water  and  in  alcohol  itdiaaoln 
mail;.  It  melta  when  healed,  and  an  cooling  ai^sumea  a  crystallini 
By  careful  manngement  it  may  be  sublimed  unchanged.  Anilic  aoid  cobIui 
C.,HjKO„  =  C„(H,NO<)0^.  It  has  been  mentioned  that  the  same  acid  laiw™ 
dily  prepared  ft'om  salicylic  aoid  (see  page  Hi).  Heoce  it  is  more  appro] 
ately  called  nilro-Mliq/tic  add. 

Vioric,  carbaaolio,  or  nitrophenisio  acid,  la  one  of  the  nltimnte  prodnob 
the  notion  of  nitric  aoid  upon  indigo  and  nonitcrouB  otber  enbstanee;.  Bsal 
wool,  several  resins,  especially  that  of  Xatilhorrhaa  hailiiii  (yellow  gntt  \ 
Botany  Bay),  aalicin  and  some  of  its  derivatives,  cnmnrin,  and  phenyl-alMti 
and  other  bodiea  belonging  to  the  phenyl-aerlea.  It  may  be  prepared  &i 
indigo  by  adding  that  aabetance  in  coarse  powder,  and  by  smalt  portions, 
10  or  12  times  ita  weight  of  boiling  nitric  acid  of  ap.  gr.  1-43.  When  i 
last  of  the  indigo  has  been  added,  and  Ibe  action,  at  first  extremely  vlokl 
has  beeome  moderated,  au  additional  qaantity  of  nitric  acid  may  be  pdn 
upon  the  mixture,  and  the  boiling  kept  up  until  the  evolution  of  red  flu 
nearly  ceases.  When  odd,  the  impure  piric  acid  obtained  may  be  remov 
(wnverted  into  polaasa-salt,  several  times  recryetallized,  and,  lastly,  dce( 
posed  by  nitric  acid.  In  the  pore  state  it  forma  beautiful  pale-yellow  M 
arystata,  but  slightly  aoluble  in  cold  water,  and  of  insupportnbly  bitter tai 
Picric  »cid  ia  DBed  in  dyeing;  it  forms  a  aeries  of  cry  stall  iinble  salts  of  aj 
low  or  orange  color:  tliiit  of  potassa  forms  brilliant  needles,  anil  ia  so  If 
soluble  in  cold  water,  that  a  solution  of  piorio  acid  is  occasionally  naed  ■ 
precipitant  for  that  base.  The  alkaline  salts  of  this  acid  explode  by  &« 
with  eitraardioary  violence.  The  orystals  of  piorio  aoid  oonlain  CmUJ 
0„H0.  ^ 

If  a  solution  of  picric  aoid  bo  distilled  with  hypochlorite  of  lime,  or  a  mli 
tare  of  chlorate  of  potassa  and  hydrochloric  acid,  an  oily  liquid  of  a  pel 
Irating  odor  is  obtained,  having  a  sp.  gr.  of  l-6fl5.  and  boiling  between  !9 
and  239"  (1 14°  and  n5''C).  This  Eubetanoe,  chloTOfiCTm,  was  discovered  q 
Stenhouae,  who  gave  the  formula  C^C1,N,0„;  MM.  Gerhavdl  and  Cahmi 
nasign  to  it  the  formula  CjCI,NO,.  Accoi-Uing  to  the  laller  forninla.  whiohl 
mora  probable,  chloroplcrin  would  be  chloroform,  in  which  the  hydrogen  i 
replaced  by  the  elementjt  of  hyponitric  aoid. 

Chloroform,  C,|HC1,) ;  Chloropiorin,  C^  (NO^CI,). 

PBODUCTS  or  THE  ACTION  OF  UYllHATK  OF  FOTAI-SA   UPON  INUIOO. Qneof  tU 

It  muu-bable  of  these,  wulitie,  baBV^^aI(T*a<l'^<tB*«tt))ed(M«<pi|p1l' 
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When  powdered  indigo  is  boiled  with  a  very  concentrated  eolation  of  caustic 
potassa,  it  is  gradually  dissoWed,  with  the  exception  of  some  brownish  floc- 
culent  matter,  and  the  liquid  on  cooling  deposits  yellow  crystals  of  the  potassa- 
salt  of  a  new  acid,  the  ehrysanilic,  which  can  be  procured  in  a  purer  state,  by 
dissolving  the  crystals  in  water,  filtering  from  reproduced  indigo,  and  adding 
a  slight  excess  of  mineral  acid.  Chrysanilic  acid  can  be  obtained  in  indis- 
tinct crystals  from  weak  alcohol:  it  is  supposed  to  contain  CjgHjgNiO^, HO; 
but  it  is  Tery  probable  that  it  is  a  mixture  of  several  substances,  especially 
Isatic  acid. 

When  this  substance  is  boiled  with  mineral  acids,  it  is  decomposed  into  an- 
other new  acid,  the  anthraniUc,  which  remains  in  solution,  and  a  blue  insoluble 
matter  resembling  indigo :  a  similar  effect  is  slowly  produced  by  the  action  of 
the  air  upon  an  alcoholic  solution  of  chrysanilic  acid.  Anthranilic  acid  is 
colorless,  sparingly  soluble  in  cold  water,  easily  soluble  in  alcohol.  It  melts 
when  heated,  sublimes  under  favorable  circumstances,  but  decomposes  entirely 
when  heated  in  a  narrow  tube  into  carbonic  acid  and  aniline.  It  contains 
'Jj^HjNO-,!!©.  By  treatment  with  nitrous  acid,  anthranilic  acid  is  converted 
into  salicyUc  acid,  C,^HeN03,H0  +  NO,  =  C,4H505,H0  +  HO  +  2N. 

According  to  M.  Cahours,  pure  indigo  can  also  be  converted  into  salycilic 
acid  by  fusion  with  hydrate  of  potassa :  a  particular  temperature  is  required, 
somewhat  above  570^(298^0),  and  the  operation  is  by  no  means  always  suc- 
cessful. 

LICHENS. 

Litmus  is  used  by  the  dyer  as  a  red  coloring  matter ;  the  chemist  employs 
it  in  the  blue  state  as  a  test  for  the  presence  of  acid,  by  which  it  is  instauUy 
reddened. 

In  preparing  test-papers  for  chemical  use  with  infusion  of  litmus,  good 
writing  or  drawing  paper,  free  from  alum  and  other  acid  salts,  should  be 
chosen.  Those  sheets  which  after  drying  exhibit  red  spots,  or  patches,  may 
be  reddened  completely  by  a  little  dilute  acetic  acid,  and  used,  with  much 
greater  advantage  than  turmeric-paper,  to  discover  the  presence  of  free  alkali, 
which  restores  the  blue  color. 

Many  lichens,  when  exposed  in  a  moistened  state  to  the  action  of  ammonia, 
yield  purple  or  blue  coloring  principles,  which,  like  indigo,  do  not  pre-exist  in 
the  plant  itself.  Thus^  the  Roceella  Unctoria,  the  Variolaria  oreinaf  the  Leea- 
nora  tartarea,  &c.,  when  ground  to  paste  with  water,  mixed  with  putrid  urine 
or  solution  of  carbonate  of  ammonia,  and  left  for  some  time  freely  exposed 
to  the  air,  furnish  the  archil^  litmusy  and  cudbear  of  commerce,  very  similar 
substances,  differing  chiefly  in  the  details  of  the  preparation.  From  these  the 
coloring  matter  is  easily  extracted  by  water  or  a  very  dilute  solution  of  am- 
monia. 

The  lichens  have  been  extensively  examined  by  Schunck,  Stenhouse,  and 
several  other  chemists.  The  whole  subject  has  been  lately  revised  by  Strecker, 
whose  formulss  have  been  adopted  in  the  following  succinct  account :  — 

Ebtthrio  acid.  —  The  lichen  RoeeeUa  tinctorial  from  which  the  finest  kind 
of  archil  is  prepared,  is  boiled  with  milk  of  lime,  the  filtered  solution  is  pre- 
cipitated by  hydrochloric  acid,  and  the  precipitate  dried  and  dissolved  in  warm, 
not  boiling,  alcohol,  from  which  on  cooling  crystals  of  erythric  acid  are  depo- 
sited. T&s  is  a  very  feeble  acid,  colorless,  inodorous,  difficultly  soluble  in 
cold  and  even  in  boiling  water,  readily  soluble  in  ether.  Its  solution,  when 
mixed  with  chloride  of  lime,  assumes  a  blood-red  color.  Boiled  with  water 
for  some  time,  erythric  acid  absorbs  2  eq.  and  yields  picro-erythrin,  a  crys- 
tallizable,  bitter  principle,  and  a  new  acid  presently  to  be  described,  which  ii 
termed  by  some  chemists  lecanoric,  by  others  orsellinie  acid.  If  the  ebullition 
be  continued,  the  orsellinic  acid  undergoes  a  further  change,  being  convertef' 
into  a  crystalline  substance,  orcin,  of  which  mention  will  shortly  be  made. 
44 


Roro-erjthrin.  when  boiled 

vythromaDniie  (ate  page  366) 

Tbi  eompositlon  of  these  is 


ith  barylR  w&ter,  ia  deeoDipMed  into  cm>l^i 
los  BobstuiQeB  ig  expressed  b;  the  follonlif 


is  ohtained  from  the  South  AmerianD  Tarietj  oT 
The  preparation  nnd  Ibe  properties  or  this  substance  sre . 
feolly    analogous    to    those    of    erylhrio    acid.      Alphnorsellie    acid    conUli 
C^II^C^;  by  boiling  witb  baryta-vnter  it  likewise  fumishoB  orsollinii 


C^HuOn  +  2H0 

Alphaonellio  ooid. 


2C„H,0, 
Orsellinio  aoid. 


If  the  ebullition  be  eontinned  too  long,  a  great  portion  of  the  orBellinio 

OsRiLLiniO    AOID,    freqaentif   called    lecanoric    acid,    whethi 
from    erythrio   or    alphBorsellie    acid,    forms    crystals   vhich    are   far    mi 
lolubte  in  water  than  either  of  the  acids  from  which  it  has  been  prepan 
Its  taste  is  somewhat  bitter.     Boiled  with  water,  it  yields,  hb  has  been  slab 
orcin  ;  under  the  influence  of  air  and  nmmonia,  it  usumea  a  beaotifal  pni^ 

If  the  lichens,  instead  of  being  treated  with  milk  of  lime,  be  exhausted  «i 

boiling  Htoobol,  the  ery thrio  and  slphaoreellic  acids  are  likewise  deootnpoi 

but  instead  of  orsellinic  acid,  the  ether  of  thiu  substance.  CtH^O.CMUtOr 

formed.     This  ether  vns  formerly  described  under  the  tiame  yeuda-rri/lhri 

,  until  Dr.  Sobunck  pointed  out  the  true  nature  of  ihe  substance.     Orsellina 

^^^^    of  ethyl  may  be  likewise  produced  by  boitmg  pure  orsellinio  ai 

^^^L  It  crystalliies  Id  colorless  laAtrons  plntes,  which  are  readily  soluble  in  bojlil 

^^^■Wnler,  alcohol,  and  ether. 

^^^H  BiTAOBSKl-Lic  AoiD  is  foniid  in  Rorcfl/a  taiftoria  grown  at  the  Cape :  it  ia  ( 
^^^m  Mned  like  erylbric  and  alpliaorsellic  acid,  nhieh  it  resembles  in  propertE 
^^V  Beta orselHc  acid  contains  C^H^O,,;  by  boiling  with  water,  it  yields  like* 
^^■prsol"-'-  -"'d,  together  with  hair-Iifco  crvatiils  of  a  silvery  k  "  •  -' 
^^^■B  ■oeeilliain.  which  has  the  lumpcsition  C„H,0,. 
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q«H,eO„  =  C^HgOg  +  C„H,0, 

Betaorsellic  acid.  OrselUnic  acid  Roocellinin. 

The  decomposition  of  betaorsellic  acid  i'j  obviously  analogous  to  that  of 
eijthric  acid,  the  roccellinin  representing  the  picro-erythrin. 

Evemie  add  is  extracted  by  milk  of  lime  from  Evemia  prunattri,  which  was 
formerly  belieTed  to  contain  orsellinio  acid.  Evernic  acid  is  very  difficultly 
soluble  cTen  in  boiling  water ;  it  assumes  a  yellow  col<Hr  with  chloride  of  lime. 
When  boiled  with  the  alkalies,  it  yields  another  crystalline  acid,  eveminic  add, 
differing  from  the  preceding  by  its  free  solubility  in  boiling  water.  The  com- 
position ot^  evernic  acid  is  represented  by  the  formula  Cj4H,gO,4,  that  of  ever- 
ninic  acid  by  CigHjoOj.  Evernic  acid,  when  boiled  for  a  considerable  time  with 
baryta,  yields  orcm :  everninic  acid  does  not  give  a  trace  of  this  substance ; 
it  is  therefore  probable  that  evernic  acid,  under  the  influence  of  alkalies, 
yields  in  addition  to  everninic  acid  likewise  orsellinic  acid,  from  which  the 
orcin  is  derived,  and  that  this  decomposition  is  represented  by  the  equation :— 

C,4Hi.Oi4+2HO  =  Gh,H,08  +  C„Hk,0, 


> '  *— v 


Evemic  acid.  Orsellinic  acid.  Everninic  acid. 

Pabbllio  agio.  —  Lecanora  parella  contains  an  acid  probably  analogous  to 
erythric,  alphaorsellic,  betaorsellic,  and  evernic  acids,  the  composition  of 
which  is,  however,  still  unknown.  By  boiling  with  bai'yta  it  yields  orsellinio 
acid  and  pareUie  add,  CigH^Og. 

Obcim  is  the  general  product  of  decomposition  of  the  acids  previously 
described,  under  the  influence  of  heat  or  alkaline  earths. 

Orcin  is  best  prepared  by  boiling  lecanoric  or  orsellinic  acid,  pure  or  impure, 
with  baryta-water,  precipitating  the  excess  of  baryta  by  carbonic  acid,  and 
evaporating  the  filtered  liquid  to  a  small  bulk.  It  forms,  when  pure,  large, 
square  prisms,  which  have  a  slightly-yellowish  tint,  an  intensely-sweet  taste, 
and  a  high  degree  of  solubility  both  in  water  and  alcohol.  When  heated, 
orcin  loses  water  and  melts  to  a  syrupy  liquid,  which  distils  unchanged.  The 
crystals  of  orcin  contain  C|4Hg04,2HO. 

Orcein. — When  ammonia  is  added  to  a  solution  of  orcin,  and  the  whole  ex- 
posed to  the  air,  the  liquid  assumes  a  dark-red  or  purple  tint  by  absorption 
of  oxygen ;  a  slight  excess  of  acetic  acid  then  causes  the  precipitation  of  a 
deep-red  powder,  not  very  soluble  in  water,  but  freely  dissolving  in  ammonia 
and  fixed  alkalies,  with  a  purple  or  violet  color.  This  powder  is  an  azotized 
substance,  formed  from  the  elements  of  the  ammonia  and  the  orcin,  called 
orcein ;  it  probably  constitutes  the  chief  ingredient  of  the  red  dye-stuff  of  the 
commercial  articles  before  mentioned.  The  composition  of  orcein  is  less  cer- 
tain than  that  of  orcin;  it  probably  contains  Cj^HyNOg,  when  its  formation 
from  orcin,  under  the  joint  influence  of  oxygen  and  ammonia,  would  be  repre- 
sented by  the  equation :  — 

CmH804,2HO  -f  60  +  NHs  =  Cj^H^NOe  +  6H0 

Orcin.  Orcein. 

Other  substances  are  occasionally  present  in  lichens :  thus,  the  Usnta  harhatm 
and  several  other  lichens  contain  wnie  add,  a  substance  crystallizing  from 
alcohol  in  fine  yellowish-white  needles  with  metallic  lustre,  having  the  formula 
CjgHiflOi^.  It  gives  no  orcin  by  distillation,  but  a  substance  similar  to  it  which 
probably  contains  Cg^HjgOg,  and  has  been  designated  by  the  name  of  betaordn. 
Its  formation,  which  is  attended  by  an  evolution  of  carbonic  acid,  is  repre- 
fented  by  the  equation    — 


RED 

\ND    TELLOW    DXB8. 

C.H,.0„ 

C,.H„n,+  4C0, 

Usnio  acid. 

Belnoroia. 

B  Parmtlia  parUtina  rumi^hed  another  new  snbstiinaSi  cfiryaophanK  oa 
KaryBtsIliilng  in  fine  goldsn-ycllow  Bcnlea,  and  aontaining  Ch>H,0].  It  is  k  tc 
K#*ble  BnbBtaoae,  and  mn^  be  aubllmed  withonl  much  decompoutim.  X 
f 'JUns  bod;  ie  present  in  rhubarb,  together  with  tmodin,  &  principle  elos^ 
P  resembling  cbryBophai^o  acid. 


I 


CooHiMKAL.  — This  is  a  little  insect,  the  Cocoa  cacti,  which  lites  od 
■peaies  of  caclui.  found  in  varm  climates,  and  cultitBted  far  the  purpose.  ■ 
in  Central  America,  The  dried  body  of  the  insect  pelds  to  nator  Bud  alcoU 
a  lnag;nifi«ent  rird  ooloring  mrLtter,  preoipitable  by  aiamina  and  oxide  of  III 
earmin;  ia  >  preparation  of  this  kind.  In  cochineal  the  coloring  m 
associated  with  seieral  inorganic  i^alla,  ei^peciail;  phnaphates  and  uitrogeaffl 
iDbatancea.  Mr.  WarrEn  De  La  Rue,  who  has  published  a  Tcrj  eUbcraWil 
TUtigation  of  oochineal.'  has  separated  the  pure  coloring  matter,  which  1 
oalla  (orminie  add.  by  the  following  prooeas.  The  aqueouB  decoction  of  fl 
insect  is  pmcipitAled  b;  ncetato  of  lead,  and  the  impure  carminate  of  IM 
washed  and  decomposed  by  hydroanlpburic  acid:  the  coloring  matt 
aeparated  ia  aubmitted  again  to  the  same  treatment.  A  solution  of  c 
■eid  Is  thoB  obtained,  which  is  evaporated  to  drynesa,  re-dissoWcd  in  absoinl 
■Jcohol,  and  digested  with  crude  carminate  of  lend,  whereby  a  small  quant 
of  phosphoric  acid  is  separated,  and  iastiy  mixed  with  ether,  which  eepara 
a  trace  of  a  nitragenouB  substance.  The  residue  now  obtaiued  on  cTaponi 
la  pure  oarminic  acid.  It  is  a  purple-brawn  mass,  yielding  a  line  red  polrd 
soluble  in  water  and  alcohol  in  all  proportions,  slightly  soluble  in  ether-  H 
soluble  without  decomposition  in  concentrated  aulphuric  aoiii,  but  read! 
attacked  by  chlorine,  bromine,  and  iodine,  which  change  its  color  to  yelhi 
It  reaista  a  temperalure  of  2T6°'8  (13S°C},  but  is  charred  when  heated  nn 
strongly.  Canninic  acid  is  u  feeble  acid.  The  composition  of  the  sabstsn 
dried  at  24S°  (1S0°C),  ia  repreaenled  by  C-H„0^  which  formula  is  ooml 
rated  by  the  analysis  of  a  copper  componnd,  CuU,CqH,^0,,. 

By  the  action  of  nitric  acid  upon  canninic  acid,  together  with  oialia  M 
a  splendidnitrogenettcd  acid,  crfstnlliiing  in  yellow  rhombic  plates,  iaobtun 
This  substance.  In  which  the  name  nilrococoiiic  acid  was  giveo,  is  hibali 
it  oontains  CmH,N,0,^2H0.  It  ia  aoluble  in  cold,  more  so  in  baiting  wal 
and  readily  Boluble  in  alcohol  and  ether.  Ni trocoecosic  acid  is  eTidn 
derived  from  a  non-nitrogenoUB  compound,  in  which  part  of  the  hydrogta 
replaced  by  the  elements  of  hyponitric  acid.  Like  the  substnuoes  of  this  d' 
.t  explodes  when  heated. 

In  the  mother-liquor,  f^m  which  the  canninic  acid  has  been  separated,  I 
Warren  De  La  Rue  disoDYcred  a  white,  cryat;illine,  nitrogenous  Bubatanee, 
which  he  established  the  formula  C[,H„NOr  This  subsCnnce  is  identical  « 
Igroiine,  which  will  be  mentioned  in  the  section  on  Animal  Chemistry. 

Madobr. — The  root  of  the  Xubia  linclorum.  oultiyated  in  southern  t 
the  Levant,  &a.,  is  the  most  permanent  and  vfllunble  of  the  red  dye-stnfik 
»tidition  to  Beveral  yellow  coloring  mattera,  which  are  of  little  imporlanM! 
the  purpoaea  of  the  dyer,  madder  contains  two  red  pigments  which  are  tt' 
tiiiarin  and  parpurin.  These  BubBtancea  havo  been  Ihe  subject  of  very  ex 
•ive  researches  by  Debus,  Higgina,  and  especially  by  Schunck.     The  lal 
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p&perB  on  madder  have  been  publisheil  by  Wolff  and  Slrecker,  whose  fonnnliB 
are  quoted  in  the  follonlog  nbsCrnoC. 

ALiKiiBIN.— Tbe  aqueous  ileonction  of  mndder  is  precipitated  by  BUlphorio 
•aid,  and  Ibe  preoipitatc  washed  nnd  bailed  »itb  eeaquicbloridG  of  aluminam, 
which  die BalieB  the  red  pigments;  an  iaaoluble  brownish  residue  remaining 
behind.  The  soIutloD,  when  miied  with  hjdrocbloric  acid,  yields  a  precipitate 
oosBisting  chiefly  of  aliisT.n,.  however,  still  canMminated  with  purpurin.  Tbe 
impure  aTiiarin  thus  obtained  may  be  further  purified  b;  again  throwing  dowa 
the  alcohoHc  aolution  with  hydrnte  of  alumina,  and  boiling  the  precipitate 
with  a  concentrated  solutiou  of  Goda,  which  leaves  a  pure  compound  of  alu- 
mina and  atiiarin  behind.  From  this  the  aliiariu  is  separated  by  hydrochloric 
Kcid  and  rearyatallized  from  alcohol.  Pure  aliiarin  erystallizce  in  splendid 
rod  priBma,  which  may  be  aublimed.  It  ia  but  sligblly  soluble  in  water  and  in 
•loohol,  bnt  dlasolres  in  concentrated  enlpburic  acid  with  a  deep-red  ooIot. 
On  (uli^tiDii  of  water,  tbe  coloring  matter  is  reprecipitated  uucfaanged.  It  ii 
■Ibc  soluble  in  alkaline  liquids,  to  which  it  imparts  a  magnlfioent  purple  color. 
It  ia  inaoluble  in  cold  Bolation  of  alum.  Aliinrin  is  the  chief  coloring  maner 
of  madder;  it  contains  C|gH,0,-|- 4H0,  and  is  a  feeble  acid;  but  a  few  definit« 
compounda  with  mineral  oxides  hare  been  prepared,  among  w)iicb  a  lime-com- 
pound, C^H,0,.3CaO  -I-  3H0,  may  be  quoted.  The  action  of  oitrio  acid  upon 
alixarin  gives  rise  to  the  formation  of  oialio  acid  and  phtbaiic  acid,  a  anb- 
etance  which  will  again  be  mentioned  among  the  products  of  decompositioD  of 
napbthalin. 

C„H,Oa  +  2H0  +  80   =   2{C,0^H0)  +  C„H,Oj 

Alizarin.  Fhthalio  acid. 

PvKPnsiH.  —  Madder  is  allowed  to  ferment  and  then  boiled  with  a  strong 
mlatinn  of  alam.  The  solution,  when  mixed  with  sulphuric  acid,  yields  a  red 
precipitate,  which  is  purified  by  recrystallization  from  atcobot.  Purpnria 
thus  obtained,  cryatalliies  in  red  needles,  which  contain  ChU,0,  +  2110,  t.  e., 
2  eq-  of  carbon  less  than  alizarin.  When  treated  nilh  nitric  acid,  purpurin, 
like  aliurin,  furnishes  oxabc  and  phchalic  acids.  Purpurin  likewise  con- 
tributes to  the  tinctorial  properties  of  madder,  but  leas  so  than  alizarin. 
Together  with  alizarin  and  purpurin  seieral  other  substances  occur  in  madder, 
among  which  may  be  noticed  an  orange  pigment,  rutiadn,  convertible  by 
oiidiiing  agents  into  a  peculiar  acid,  rubiadc  acid,  a  yellow  pigment,  zanthm, 
a  bitter  principle,  ruAi'an,  sugar,  pectic  acid,  and  several  resins,  &c. 

Oaranein  is  a  coloring  material,  which  is  produced  by  the  action  of  sulphuric 
acid  upon  madder.  This  substance  possesses  a  higher  Unctorial  power  than 
madder  itself. 

Ihe  beantiful  TVrtiy  rtd  of  cotton  cloth  is  a  madder-color;  it  is  given  by  a 
very  complicated  process,  the  theory  of  which  is  not  perfectly  elucidated. 

Safflowkr.  —  This  substance  contains  a  yellow  and  a  red  coloring  matter, 
tbe  latter  being  insoluble  in  water,  but  soluble  in  alkaline  liquids.  The  safflcwei 
may  be  exhausted  with  water  acidulated  with  acetio  acid,  and  the  eolutioi 
mixed  with  acetate  of  lend,  and  filtered  from  the  dark-colored  impure  pre- 
cipitate. Tbe  lead  compound  of  the  yellow  pigment  may  then  be  thrown 
down  by  addition  of  ammonia,  and  decomposed  by  sulphuric  acid.  In  ita 
purest  form  Ibe  yellow  matter  forms  a  deep  yellow,  uncrystalliiable,  and  reiy 
solable  aubstance,  Tory  prone  to  oxidation.  In  its  lead-compound  it  hu 
probably  the  oompoaition  CjjHuOu. 

The  red  matter  or  carlhamin  in  obtained  from  tbe  residual  safflower  by  ■ 
dilute  solution  of  carbonate  of  soda;  pieces  of  cotton  woo]  are  immeried  in 
the  liquid,  and  acetic  acid  gradually  added.  The  dried  cotton  is  then  digested 
in  a  ^sh  quantity  of  the  alkaline  solution,  and  tbe  liquid  supersalurated 
iritb  citric  acid,  which  throws  down  the  carthamin  in  oarmine-red  flocks.     U 
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fornis,  whm  pure  and  drj.  nn  am 
■nsoluhle   in  wnUi,   but    soluble    ii 

Braiil'icood  nnd  legaood  give  Ted  nnd  purple  incisions,  which  are  Urgdj 
lined  in  dyeing  :  the  coloring  principle  of  logwood  is  termed  Aatialoiylin.  nnd 
hftE  been  obtained  in  crystals.  This  snbalsnce  conUins  C^[l,0„  +  SHa 
Acids  brighten  these  coIotb.  and  BlknlieB  reader  them  purple  or  blue. 

Among  yellow  dyes,  gtitreilron  bark,  fvsde-tcood,  nnd  taffron,  niny  be  men- 
lioned.  and  also  (urmerk ,-  these  all  gi^e  yellow  infualonB  to  water,  atid  fimunh 
morri  or  lesa  penDaoent  colors. 

PuTTie  or  Indian  ytllaw,  a  body  or  unknown  origin,  used  in  water-coloc 
painting,  according  to  the  ressitrcheB  of  Stenhoiue  nnd  Erdmann,  is  a  cont- 
pound  of  magnesia  nith  a  Bubatanoe  termed  purrric  or  tuxanUiie  neii.  fkt 
latter,  when  pure,  crystalliiea  in  nenrly-colorleas  needles,  BpaJiogly  loliiUt 
in  cold  water,  nnd  of  Bweeli^h-biller  taste.  It  forms  yellow  compoundB  villi 
the  alkalies  and  earths,  and  is  decomposed  bj  heat,  with  prodnetiDn  of  > 
Denlral  cijatalline  sublimale,  jmrrmons  or  (uionfftone.  Pnireio  aoid  oonWni 
C^n^O,,,  purrenone  C^H^O,.  By  the  action  of  chlorine,  bromine,  andniliit 
acid,  a  Beries  of  substitulion-prodacts  are  formed. 

FHANattLiK,  Cj,H|0^  from  Rhannvi  frangvia,  crystslliiea  in  aeaTes  rcsen- 
bling  chrraophaniB  acid.  The  action  of  nilrie  acid  conterte  frangulio  iitm 
nitro-compoand,  snid  lo  contain  C^H|,NfO|,,  Tery  similBrta  ohrysammie  Bdd, 
lo  bo  noticed  further  on. 

MoHiNBiN,  (-^H„Obi  yellow  crystaliinB  coloring  matter,  occurring  tP  ll« 
root  of  Morinda  atrifalia,  which  is  called  Soranjet  in  the  EaaC  Indies.  Wkin 
heated  it  is  conteiled  into  a  beantiful  crystalliue  body,  morindim,  oontainiiit 

Aloa.  —  Certain  of  the  producta  of  the  action  of  nitric  acid  upon  <^ 
resemble  Ter;  much  some  of  the  deriTatives  of  indigo,  without,  boweier.  il 
ieem?,  being  identical  with  Ihem.  Powdered  aloes,  heated  for  a  conaiderahlt 
time  will)  excess  of  moderately- strong  nitric  acid,  yields  a  deep-red  selntlini, 
which  deposits  on  cooling  a  yellow  crystalline  mass.  This,  purified  hysnilible 
means,  constitutes  ckryiamniic  add;  il  cryBtnllizes  in  gnlden-yellow  stales, 
which  have  a  bitter  taste,  and  are  but  sparingly  soluble  in  water.  Its  polnsd- 
sall  haa  a  carmine-red  tint,  and  eihibils  a  green  meUllic  lustre,  like  that  nf 
mureiide.  The  formula  of  chryaammio  acid  is  not  perfectly  established.  U 
1b  probably  CuHN^|„HO.  Like  picric  acid,  il  yields,  with  chloride  of  limt, 
thCoropicria.  The  molher-tiqunr  from  which  the  chrysammic  acid  hns  Ixei 
deposited  contains  a  second  acid,  the  cArytolfpiCt  which  bIbo  forma  go1dcT>- 
yellow,  sparingly-soluble,  scaly  crystals.  The  polsssa-aalt  forms  nubII, 
fellow  prisms,  of  little  solubility.  It  explodes  by  heat,  ChryaolBplc  it\i 
oontainBCrtH,N,0„.HO:  it  is  identical  with  picric  acid. 

To  these  may  be  added  the  ttyphnic  add,  deacribed  by  MM.  Boettger  >d<1 
Will,  prodaced  by  the  action  of  nitric  acid  of  sp.  gr.  1  '2  upon  attafatida  tui 
HpTeral  other  gum-resins  nnd  eitnicts.  Parree.  when  treated  with  eiceu  of 
nitric  acid,  likewise  yields  etyphnio  acid.  It  cryslalliies,  when  pore,  in 
Blender,  yellowi ah- white  prisms,  sparingly  soluble  in  water,  readily  Jissolied 
'n  alcohol  and  ether.  It  has  a  purely  astringent  taste,  and  atains  tbeEkin 
yellow.  By  a  gentle  heat  it  melts,  and  on  cooling  becomes  cryslBlllD«; 
Buddenly  and  atrongly  heated,  it  burns  like  gunpowder.  It  also  fnmisbM 
chloropiorin.  The  salts  of  this  snbatanca  mostly  crystalliie  in  oninge-yoll«» 
needles,  and  explode  with  great  violence  by  heat,  Styphnic  acid  cuilaiia 
CaH,N,0,„HO,  i  e.  picric  add  +  2  eq.  of  oxygen. 
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Ths  YOiatile  oils  of  the  vegetable  kingdom  are  exceedingly  numerous ;  they 
are  secreted  by  plants,  and  confer  upon  their  flowers^  fruits,  leaves,  and  wood 
their  peculiar  odors.  These  substances  are  mostly  procured  by  distilling  the 
plant)  or  part  of  the  plant,  with  water:  their  points  of  ebullition  almost 
always  lie  above  that  of  water;  nevertheless,  at  212°  (100°C)  the  oils  emit 
vapor  of  very  considerable  tension,  which  is  carried  over  mechanically,  and 
eondensed  with  the  steam.  The  milky  or  turbid  liquid  obtained,  when  left 
at  rest,  separates  into  oil  and  water.  Sometimes  the  oil  is  heavier  than  the 
water,  and  sinks  to  the  bottom ;  sometimes  the  reverse  happens. 

The  volatile  oils,  when  pure,  are  colorless :  they  very  frequently,  however, 
have  a  yellow,  and,  in  rarer  cases,  a  green  color,  from  the  presence  of 
impurity.  The  odor  of  these  substances  is  usually  powerful,  and  their  taste 
pungent  and  burning.  They  resist  saponification  completely,  but  when 
exposed  to  the  air  frequently  become  altered  by  slow  absorption  of  oxygen, 
and  assume  the  character  of  resins.  They  mix  in  all  proportions  with  fat 
oils,  and  dissolve  freely  both  in  ether  and  alcohol :  from  the  latter  solvent  they 
are  precipitated  by  the  addition  of  water.  As  already  mentioned,  the  volatile 
oils  communicate  a  greasy  stain  to  paper,  which  disappears  by  warming ;  by 
this  character  any  adulteration  with  fixed  oils  can  be  at  once  detected.  A 
solid  crystalline  matter,  corresponding  to  the  margarin  of  the  common  oils, 
frequently  separates  from  these  bodies ;  it  bears  the  general  name  of  stearop- 
iene,  and  differs  probably  in  almost  every  case. 

The  essential  oils  may  be  conveniently  divided  into  three  classes:  viz., 
those  consisting  of  carbon  and  hydrogen  only;  those  consisting  of  carbon, 
hydrogen,  and  oxygen ;  and  those  containing  in  addition  sulphur  and  nitrogen. 

Oils  composed  of  Carbon  and  Hydrogen, 

Oil,  or  essence  of  tubpentin. — This  substance  may  be  taKen  as  the  type 
or  representative  of  the  class ;  it  is  obutined  by  distilling  with  water  the  soft 
or  semi-fluid  balsam  called  in  commerce  crude  turpentine^  which  exudes  from 
various  pines  and  firs,  or  flows  from  wounds  made  for  the  purpose  in  the 
wooa.  The  solid  product  left  after  distillation  is  common  rosin.  Oil  of  tur- 
pentin,  when  further  purified  by  rectification,  is  a  thin,  colorless  liquid,  of 
powerful  and  well-known  odor :  its  density  in  the  liquid  state  is  0*865,  and 
that  of  its  vapor  4*764 ;  it  boils  at  812<'  (155^0).  In  water  it  dissolves  to  a 
small  extent,  and  in  strong  alcohol  and  ether  much  more  freely ;  with  fixed 
oils  it  mixes  in  all  proportions.  Strong  sulphuric  acid  chars  and  blackens 
this  substance;  concentrated  nitric  acid  and  chlorine  attack  it  with  such 
violence  that  inflammation  sometimes  ensues. 

Oil  of  turpentin  is  composed  of  CsH^  or  C^U^ 

With  hydrochloric  acid  the  oil  forms  a  curious  compound,  which  has  been 
called  ar1\fieial  camphor,  from  its  resemblance  in  odor  and  appearance  to  that 
■abstanoe.    It  is  prepared  by  passing  dry  hydrochloric  acid  gas  into  the 
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oil.  cooled  b;  •  fueling  mixture.  After  gome  time,  >  white  eryatalUne  td 
•tanoe  separate!,  which  maj  be  atrained  from  the  Bupcmatnnt  brown  u 
highly-acid  liquid,  and  purified  b;  alcohol,  id  which  it  diaaolvea  ver;  frulj. 
This  substnace  is  neutral  to  t«at-paper,  does  not  affect  Ditrate  of  silver,  in. 
sublimea  without  maoh  decomposiiion :  it  tjoDtaiue  C^H„C1,  or  perhapn  C^H,. 
HCl.  The  dark  motbcr-Iiquor  oontainB  a  somewhat  Himiliir,  but  fluid  «r- 
pDund.  IHfferent  epecimeDa  of  oil  of  turpeotin  yield  ye\y  variable  qusnti 
if  these  eubstaocea,  which  ma;,  perhaps,  arise  from  the  ooeKiatencc  of  fn 
Ter;  similar  and  ieomerio  oile  in  Ibe  ordiaary  article.  When  these  hjdrtKhlD- 
rales  are  deeompoaed  by  diatillatiou  with  lime,  they  yield  liquid  oily  prodnot* 
differing  io  some  particulars  from  the  originiil  oil  of  turpenUn,  but  barilig  tilt 
■ame  composition  na  that  aubatance.  That  from  the  solid  haa  recnTed  H/i 
name  of  eamphgltne,  and  that  froui  the  liquid  compound  terebyiene.    The  hjpOj 

(tfactical  and  noD-isoUble  modificatious  of  the  oil  supposed  to  exist  in  the  idiit 
■ad  liquid  camphor  are  termed  rdspeatitely  eamphtnt  and  tmbme. 
."  Another  ieomeric  compound,  colaphmr,  is  produced  by  diBtilling  oil  ot  .  . 
Mntin  with  oonceotrated  sulphnrio  acid.     It  ia  a  viscid,  oily,  colorleaa  liquid, 
pf  bigh  boiling-point,  and  exhibiting  by  reflected  hgbt  a  deep-bloistv  tint, — r 
yfaenomenaD  often  remarked  in  bodies  of  tbia  class. 
•  Bromine  and  iodine  also  form  compotiiids  nilh  oil  of  turpentin. 
Oil  of  turpentin  is  very  largely  used  in  the  arls,  io  painting,  and  aa  aMl> 
Tent  for  reaina  in  making  larniabes. 
Bottlea  in  which  reatified  oil  of  turpentin,  not  purpoaely  rendered  auhydrOBit 
has  been  preserred,  are  often  studded  in  the  interiorwith  groups  of  beaulind,,, 
colorless,  priamatic  cryalals,  which  form  spontaneoualj.    These  hi 
position  of  a  hydrate  of  oil  of  turpentin.     These  crystals  ooutuii  u„ll^d,t;j. 
Oil  or  LEHona  is  expressed  from  the  rind  of  the  fruit,  or  obtained  by  da- 
Ullation  with  water.     This  oil  differs  lery  much  from  the  last  in  odor,  bat 
closely  resembles  it  in  other  respecta.     It  has  the  same  cumpoaition  as  dl  of 
turpentin,  and  forma  with  hydrochloric  acid  two  compounds,  one  Bolid  ~~'' 
orjalalline,  the  other  fluid.     The  solid  contains  C,eHg,HCl. 

The  oils  of  oTangi-ped,  hergamol,  pepper,  eubtbi,  juniper,  captei,  tlemi,  ti^ 
laurtl-oil  of  Guiana,  the  East  Indian  grate-oii,  and  the  principal  part  of  oil  «f- 
lup,  are  hydrocarbons,  isomeric  with  the  oils  of  tuipeatiii  and  lemong. 


Eiiential  Oili  tonlainiiig  Oxygen. 
Th«  essential  oils  containing  oxygen  are  very  nmnerons,  and.  In  fact,  n 
up  the  great  bulk  of  the  bodies  of  this  class  employed  in  medicine  and 
(nmery.  They  are  seldom  homogeneoiis,  and  In  consequence  do  not  ofta) 
eihibil  fixed  boiling-points.  Some  of  these  oils  have  been  made  the  antgMl 
of  much  chemical  researoh,  but  the  majority  yet  require  examination.  ThN 
of  the  moat  interesting,  riz.,  those  of  bitter  almonda,  cinnamon,  and  tH 
Bpiraa  vlmaria,  have  been  already  described. 

'    Oil  op  ahisbbd.  —  The  oil  distilled  from  the  fruit  of  the  Fimpmella  mat 
EOnsists  of  two  Bubstanoes,  one  of  which  is  a  Buid  oil,  and  the  other  a  sc 
orystalline  substance,  so  abundant  aa  to  cause  the  whole  to  solidify  at  the  t< 
peralure  of  50°  (lO^fi).     By  pressure  between  folds  of  bibulous  paper,  I 
oryslalliiBlion  from  alcohol,  the  solid  essence  may  be  obtained  pure.    It  foi 
colorless  pearly  plates,  more  fragrant  than  (be  crude  oil,  which  melt  wl 
gently  healed,  and  distil  at  a  high  temperature.     It  contains  C„H„0^     T 
■ubatance  ia  attacked  energetically  by  chlorine,  bromine,  and  nitne  aoidj 
combines  with  hydrochloric  aeid,  but  is  anaSected  by  solution  of  caoi 
potaasa.    With  bromine  the  sohd  essence  yields  a  white  inodorons  crystalGiabll 
compound,   iramaniial,  containing   C^fll^Br-jOj.    The  action  of  chlorina  t 
more  complex,  several  successive  compounds  being  produced.    With  snlphiuil 
acid  two  produots  are  obtained,  a  compound  acid  analogous  to  soiphovislt 
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acid,    and    a   white,   solid    neutral    substance,   anisoin.   isomeric  with    the 
essence. 

The  products  of  the  action  of  nitric  a.*d  vary  with  the  strength  of  the  acid 
emplojdd ;  the  mo^t  important  are  hydride  of  anisyl ;  anisic  acid,  a  substance 
▼ery  much  resembling  salicylic  acid  in  properties,  sparingly  soluble  in  cold 
water,  freely  in  alcohol  and  ether ;  nitranisie  add,  a  yellowish- white,  crystal- 
line, sparingly-soluble  powder;  and  nitranisidef  a  resinous  body,  produced  by 
faming  nitric  acid. 

The  hydride  of  anisyl  in  a  pure  state  is  a  yellowish  oily  liquid,  having  an 
aromatic  odor  of  hay:  it  is  heavier  than  water,  and  boils  at  400°  (254^*50). 
Caustic  potassa,  concentrated  and  boiling,  slowly  decomposes  it :  with  fused 
hydrate  of  potassa,  it  is  instantly  converted  into  anisic  acid  with  disengage- 
ment of  hydrogen ;  air  and  oxidizing  bodies  in  general  produce  the  same  effect 
Ammonia  forms  with  it  a  crystalline  compound  analogous  to  hydrobenzamide. 
Hydride  of  anisyl  contains  C,«H,04.  This  body  exhibits,  with  an  alcoholic 
solution  of  potassa,  the  same  deportment  as  hydride  of  benzoyl  (see  page  438) ; 
it  is  converted  into  a  mixture  of  anisate  of  potassa  and  a  crystalline  body, 
which,  when  purified  by  distillation,  boils  at  482^  (250<>0).  The  composition 
of  this  compound,  which  may  be  viewed  as  the  alcohol  of  anisic  acid,  is  repre- 
sented by  the  formula  O^^y/fi^, 

Anisic  acid  contains  Cj^HfO^tHO,  t.  «.,  hydride  of  anisyl  and  2  eq.  of  oxygen 
When  treated  with  an  excess  of  lime  or  baryta,  it  suffers  a  decomposition,  ana- 
logous to  that  of  benioic  and  salicylic  acid,  losing  2  eq.  of  carbonic  acid,  and 
being  converted  into  an  oxygenated  oil,  boiling  at  302o  (150°C),  to  which  the 
name  aniaol  has  been  given. 

jD^HjOg^HO^-f  2CaO  =  2(CaO,COj)  -f  C^HjOj 

Anisic  acid.  Anisol. 

The  action  of  nitric  acid  upon  anisol  gives  rise  to  the  formation  of  three 
substitution  products,  nitro-,  binitro-,  and  trinitro-anisol,  the  former  of  which 
is  a  liquid,  while  the  two  latter  are  crystalline  solids.  They  contain  respec- 
tively G,4(H.N04)Og;  C,4{Hj  [NOJj)Oj,  and  C,4(Hj[NOj8)Oj.  Treated  with 
sulphuretted  hydrogen  these  substances  are  converted  into  three  organic  bases, 
anisidine  C^HgNOj,  nitranisidine  C,4(H8N04)NO«,  and  binitranisidine  C,4(H^ 
[N04]j)N0^ 

Nitranisie  acid  is  the  nitro-substitute  of  anisic  acid ;  it  contains  Oj8(H8N04) 
0„H0. 

The  solid  portion  of  the  oiU  of  bitter  fennel  and  badian  is  identical  with  that 
of  oil  of  aniseed.  The  fluid  component  of  the  fennel-oil  is  isomeric  with  oil  of 
torpentin. 

Draconic  add,  obtained  by  the  action  of  nitric  acid  upon  the  oil  of  Artemisia 
draeuncultu,  is  identical  with  anisic  acid. 

The  various  substances  belonging  to  this  group  are  homologous  to  the  mem- 
bers of  the  salicyl-series,  described  in  a  former  part  of  the  Manual  (see  page 
442),  as  may  be  seen  from  the  following  comparison :  — 

Salicylous  acid         0,4    H^       O4;    C„    Hg       O4  Hydride  of  anisyl 

Salicylic  acid  .        0,4    H,       0, ;    C^    Hg       Og  Anisic  acid. 

(SXcr^d  .     }  ^M  {  N&4  }  ^«  •    ^M  {  N64  }  ^«  Nitranisie  acid, 

of  phenyl)  "^^      }^i«    ^«       ^«5    ^14    ^8      %  Anisol. 

to)pheSaiidj"  }  ^»  {  N&4  }  ^« '    ^M  {  N64  }  ^«  Nitranisol 
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Blnitrophmo.    (Mlp    }  ^4         \it  .  r    /  ^f        \n 


trophennla  ui< 
Trinitrophcnol  {Ni 
tTuph«Dino   "  "■* 
Cvbaiotia 


BinitriiuxiJ 
TrinitrnniML 


C„  I  11^        J  K  O,  Kitrmisidiiu. 
C„  I  JJJq  ,    j  NO,  BinitranisidiM 


liL  OP  oimiir  is  ■  mixture  of  two  binlies,  aepKrtible  in  great  mi 

miation,  tynol,  ■  liquid  Itjdroearbaii.  eantaiaiag  C^H,f.  tlie  mast  Totatilc  fer- 

I    tiod  of  tbe  oil.  and  euminoi,  a,  colorless  trsot^pareot  oil,  of  powerful  odar.  euilf 

I   ehanged  in  the  nir,  and  onl;  to  be  distilled  in  a  ourrent  of  carbonia  KHidgtB. 

I  Cuniinnl  aontaiasCnn^O,.  and  is  consequcstl]'  iaDmeric  wilh  tbe  solid  easenu 

I   of  aaiseed,     B;  oxidrtlion.  this  eabstaQce,  wbioh  is  homologauB  to  oil  of  bilW 

.    ■Imonds.  yields  cuaie  acid,  a  ithite,   faltj,  volatile   Eabiitance,  ineolnble  in 

water,  baving  but  lillla  odor,  and  crystalliiiDg  in  priaoiDtia  tables,     It«ai- 

tftins  C^EijO^HO  (nee  homologues  orbeiixuio  acid,  page  441).    When  WUni 

with  an  alcobatio  solutioo  of  potaBsa,  cumino!  ie  eonverted  into  cnraUe  . ' 

Gtassa  and  an  oil,  boiling  at  4Qii°  (243°C).  containing  C„I{^0(.  trhieb  n 
viened  as  tbe  alcohol  of  tbe  cumjl-aeries.     According  10  recent  reeenMll 
&e  oil  of  Cicula  viroia  is  identical  with  cnmin-oiL  .^^ 

Oil  or  ththi.  —  The  es'sentiai  oil  of  Thynut  vulgoTia,  like  cnmin  «!,  iij 
miilure  of  aeveml  bodice,  from  wbicb  a  crjatB^line  eubatnnce,  fusible  at  III 
(44<H;),  and  boiling  at  446°  (£30°C),  mn;  be  Bepamted.  This  substanGc^lt 
moi.  oontiiins  C_H„0,,  and  is  therefore  iBomeric  with  cuoiin-aleabol,  ft 
irhioh  it  difiers,  nuwever,  by  not  yielding  oumio  aoid.  By  oxidation  with  k 
oiide  of  mangaDeae  and  sniphurio  acid,  thymol  is  oonverled  into  a  Tolal' 
eryBtalline  body,  IhjmoSl,  Ci^HuO^,  homologous  to  kinone  (see  page  4i 
which  it  re^eTnblea  in  its  properties  and  chemionl  character.  Tbe  oil  of  fl 
cAoIu  oyoienn  nppeiira  to  be  identicnl  with  oil  of  thyme. 

Oil,  or  sua.  — Thp  principal  constituent  of  the  oil  of  Jtuta  frtntai 
is  the  compound  C^H^gOj,  It  may  be  sepnrated  from  the  oil  by  tbe  addK 
of  bisulphite  of  ummouia,  when  a  cryslalltne  compound,  Q_HuO,NILO.^ 
+  4  Aq,,  is  formed,  which  may  bo  purified  by  oryataJliiation.  Jnt 
with  an  acid  this  compound  yields  the  oil  in  a  state  of  purity.  It  boils  at  " 
(2830).  Cooled  to  80=  or  28-6=  (—1°  or  2''C),  the  oil  solidifies  into  a  cr, 
line  muss.  Oil  of  rue  has  the  general  cbarncter  of  an  aldehj'de.  Heat«d| 
weak  oxidizing  agents  it  furnishes  ratio  or  capric  aoid,  Cg,i[,|0,.HO,  B« 
with  BtroDg  nitric  acid,  carbon  ia  eliminated  ;  and  instead  of  rutic  acid,  ft 
gonic  acid,  its  lower  homologne,  is  formed. 

Oil  or  drdab-wodi),  in  like  manner,  contains  two  substanceH,  a  solid  eryi 
line  compound,  having  llie  formula  C^Hg|0,.  and  a  volatile  liquid  hydro 
ben,  eedrene,  C„H„,  which  can  also  be  obtained  by  distilling  tbe  solid  1 
■nhydroaa  phosphoric  acid. 

Oil,  OF  QAULTHBniA  FHOOUMBENS. — Tbis  vcry  remarkable  subBtaQoo  ill 

known  in  commerce  under  the  name  of  minler-i^Tetn-ail ;  it  coiudsta  all 

wholly  of  a  definite  principle  which  distils  unchanged  at  iSb"  {228''-BC),i 

eontains,  according  (o  tbe  analysis  of  M,  Cabours,  C,,H,0,.     When  ir 

Witli  diliTte  eaustia   potassa,    it  solidifies   to  a  crystalline  ninss,  which 

taasa-salt,  from  which  the  oil  may  be  separated  again  unchanged  on  i_ 

ID  of  an  acid.     When  distilled,  however,  with  a  concentrated  aolalinl^ 

iiutio  potassa,  the  oil  of  gaultheria  is  resolved  into  salicylio  add 
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fipirit,  thus  exactly  resembling  in  its  behavior  the  compound  ethers  which  haye 
been  described  in  a  previous  section  of  the  Manual  (see  page  871).  This  oil 
is,  in  fact,  a  veritable  compound  ether,  salicylate  of  oxide  of  methyl. 

^t  is  one  of  the  ethei*s  which  the  bibasic  salicylic  acid  is  capable  of  form- 
ing :  that  is  salicylic  acid  in  which  one  of  the  equivalents  of  water  is  replaced 
by  oxide  of  methyl.  The  crystalline  potassa-salt,  formed  by  the  addition  of 
potassa  to  gaultheria-oil,  which  was  formerly  called  gavltherate  of  potassa,  is 
salicylate  of  methyl  and  potassa.  When  treated  in  sealed  tubes  with  iodide 
of  methyl,  this  potassa-salt  furnishes  the  second  methyl-ether-compound  of 
salicylic  acid,  which  boils  at  248°.  The  constitution  of  these  compounds  wiU 
be  more  intelligible  by  the  following  formulsd :  — 

Salicylic  acid      .         .         .         .        .        .     C^fi^,2R0 

Acid  salicylate  of  potassa   ....     0^11404,  HO, EO 

Neutral  salicylate  of  potassa      .         .         .     Ci4H4r^,2EO 

G:i^.S^JS:o^  °!  ■""*!"'' :    :    :    :}c„H,o,Ho.Meo 

Salicylate  of  methyl  and  potassa         .         •  1  n   it  a  irn  \ii  n 
Gaultherate  of  potassa  .         .  J  ^u^a^U^^^^^^^ 

Neutral  salicylate  of  methyl        .        .        .     Ci4H404,2MeO. 

With  ammonia  oil  of  gaultheria  yields  salicylamide,  C,4H,N04=^C,4H504,NHj, 
isomeric  with  authranilic  acid  (see  page  517),  which  is  converted  by  fuming 
nitric  acid  into  the  nitro-substitute,  nitro-salicylamide,  Ci4(H4N04)0«NHj, 
crystallizing  in  yellowish-white  needles.  Gaultheria  oil  is  isomeric  with  ani- 
rie  acid  (see  p.  625),  and  yields  by  distillation  at  a  high  temperature  with  an- 
hydrous lime  and  baryta,  anisol,  C,4Hg02,  the  same  volatile  liquid  which  is 
obtained  from  anisic  acid  by  a  similar  process. 

Oil  of  valerian. — The  oil  obtained  by  distilling  valerian-root  with  water 
has  usually  a  viscid  consistence,  a  yellowish  color,  and  a  powerful  and  dis- 
agreeable odor.  It  consists  of  at  least  three  principles,  namely,  valeric  (va/e- 
rianie)  add,  borneene  (see  camphor),  a  light  volatile  liquid  hydrocarbon,  much 
resembling  and  isomeric  with  oil  of  turpentin,  and  valerol,  a  neutral  oily  body, 
much  less  volatile  than  the  preceding,  of  feeble  odor,  and  convertible  by  oxi- 
dizing agents  into  valeric  acid.  It  contains  C^Hj^Og.  Borneene,  under  cer- 
tain circumstances  not  well  understood,  assimilates  the  elements  of  water,  and 
yields  the  solid  camphor  of  Borneo,  or  borneol. 

Camphor. — Common  camphor  yields  a  good  example  of  a  concrete  essential 
oil ;  it  is  obtained  by  distilling  with  water  the  wood  of  the  Laurtu  camphora. 
When  pure,  it  forms  a  solid,  white,  crystalline,  and  translucent  mass,  tough, 
and  difficult  to  powder,  and  having  a  powerful  and  very  familiar  odor.  It 
melts  when  gently  heated,  and  boils,  distilling  unchanged  at  a  high  tempera- 
tare.  It  slowly  sublimes  at  the  temperature  of  the  air,  and  often  forms  beau- 
tiftil  crystals  on  the  sides  of  bottles  or  jars  containing  it  exposed  to  the  light. 
Camphor  is  very  sparingly  soluble  in  water,  but  readily  soluble  in  alcohol, 
ether,  and  strong  acetic  acid.    It  contains  CjoHgO,  or  C^qUj^Os. 

By  the  action  of  nitric  acid  aided  by  heat,  camphor  is  gradually  oxidized 
and  dissolved  with  production  of  camphoric  acid:  this  substance  forms  small 
colorless. needles  or  plates,  of  acid  and  bitter  taste,  sparingly  soluble  in  cold 
water,  and  containing  C,oH703,HO.  It  melts  when  heated,  and  yields  by  dis- 
tillation a  colorless  crystalline,  neutral  substance,  containing  C|oH^3,  generally 
termed  anhydrous  camphoric  acid. 

When  camphorate  of  lime  is  submitted  to  distillation,  it  yields  a  volatile  oil 
containing  oxygen :  its  formation  and  constitution  are  similar  to  those  of  ace- 
tone (page  896)  or  benzophenone  (page  434).  This  substance,  phorone,  contains 
^n^M^r  ^7  ^^®  action  of  anhydrous  phosphoric  acid  it  loses  water,  and 
furnishes  the  hydrocarbon  cumolj  CigHj^  (see  page  441). 
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When  oampbar  in  Tkpor  is  ponied  (rrsr  a  miitarc  of  hjdrste 
quicklime  atroDgl;  heittsd  in  >  tubs,  il  is  reaolied  withonl  disengagemeDt 
gBB  into  an  aciil  liodj'  termed  camp/mlic  add.  white,  crjBtalline,  and  gpario 
tolublB  in  vater.  oontaining  C^U„0t,l10.     Bjr  dietiUatioD  with  anbjdi 

fibosphdrlo  said,  tliis  aoid  gives  a  vulatilo  hydrocarbon,  eampholmt.   " 
Isslf.  b;  a  similar  mode  of  treatmen  t,  yieldE  a  colorless  volatile  hqnid, 
form«rly  called  eanphogm,  but  ainoe  found  to  be  jdealical  iritb  the  bfdi 
bon  ojmoi,  oCGiirriDg  In  the  oil  of  cumin. 

The  camphor  of  BorDeo,  procured  from  the  Dryabalaixept  eampSara,  «f 
tkias  (^oH^Of ;  it  is  nocompanied  hy  bomeene,  idetitiual  with  that  of  ^^^^ 
of  Talerian,   and  jicldB  the  Bnme  substance  when  distilled  with  aahjnlrl 
pboaphorio  acid.     Nitric  noid  conTcrla  it  into  cninmon  camphor.  ^^^ 

The  oils  of  prppcrnimt,  lacendcr.  roitman/,  vrangt-flouieri,  ntte-pttiUt  U 
many  others,  belong  to  the  class  of  oxygenated  essential  oils. 

Buential  Oili  containing  Sulphur. 

Id  the  preparation  of  the  saiphnretted  volatile  oils,  distillatar;  vsastls  tf' 
oopper,  tin,  or  lead,  must  he  avoided,  as  those  metals  are  attacked  bj  At 
riulphnr.      In  other  respects  their  manufacture  offers  no  peculiariiies. 

Oil  or  BrsTABD,  —  The  most  remarkahlo  member  of  the  class  is  tlie  d 
obtained  by  distiilatioa  from  black  muslard-secd.  White  musttLrd  yields  aa 
Both  varietieB  give,  by  expression,  a,  bland  fat  oil.  The  volatile  oil  does  : 
pre-exist  in  the  seed,  but  is  farmed  in  the  same  manner  as  bitter^-almoDd  < 
by  the  joint  nation  of  water  and  a  peculiar  congulable  albuminous  mattwBl 
a  subHtaiice  jet  imperfeotly  known,  present  in  [he  grain,  and  termed  mfn 

The  distilled  oil,  when  pure,  is  oolorless ;  it  has  a  most  powerfnl,  poop  ^^ 
and  suffocating  smell,  and  a  density  of  lOIS.  Applied  to  the  skin,  it  pff 
duces  almost  instant  Teeioation.  It  boila  al  289°  (146°'tlC).  Water  disuM 
ft  in  rmnli  qunntity,  and  alcohol  and  ether  very  freely.  The  oil  itself,  at' 
high  Csmperature,  dissolves  hath  sulphur  and  phosphorus,  and  deposits  thr 
in  a  crystalline  form  on  cooling.  It  is  oiidiied  with  violence  by  nitric  Wi 
and  by  agua  regia.  Alkalies  decompose  it  by  the  aid  of  heat,  with  producti 
of  ammonia,  an  alkaline  sulphide,  and  a  Bulpbocyanide.  The  remailil 
compound  with  ammonia,  tbloBinamino,  has  been  already  described  (see  pa 
608). 

Mnstard-oil  gives  by  analysis  C,H,N3f 

TheOtL  or  uoasE-RAUiau.  and  llmt  obtained  from  the  roots  ofthe^lJU 
o^dnalia  by  distillation  with  water,  ure  identiciil  with  the  oil  of  black  mnstil 

Oil  ur  o*blic.  — The  crude  oil  procured  by  distilling  the  sliced  bnlbsli 
water  is  not  a  homogeneoaa  product;  by  the  ooCion  of  metallic  polassinl 
hawi>ver,  renewed  until  it  is  no  longer  tarnished,  a  small  portion  of  oiyj 
netted  oil  which  if  oonlains  may  be  deoomposod  and  withdrawn,  after  wlrt 
the  sulphuretted  compound  may  be  obtained  pure  by  redistillation.  Is  d^^^ 
state  it  forms  a  colorless  liquid,  lighter  than  water,  of  high  refrsetive  po"** 
possessing  in  a  high  degree  the  peculiar  odor  of  the  pluut,  and  oapaUe  ^ 
being  distilled  without  decomposition.  It  contains  C,HgS.  Garlic-oil  i 
suited  In  alcohol,  and  mixed  with  solutions  of  platinum,  silver,  and  merciijl-' 
gives  rise  to  crystalline  compounds  having  the  oharactem  of  doable  f^ 
taining  the  elements  of  the  oil  with  the  sulphur  replaced  by  oirgw  * 

ing  between  the  oils  of  mrotil* 
the  head  of  aliyl-aeries.  '* 
slenco  of  n  radical  C,II| 
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•Ueh  tlie  luune  aUifl  lias  been  giTen,  when  mustard-oil  becomes  the  snlpho- 
ISTuide,  and  garlic-oil  the  solphide  of  alljL 

Ifnatard-oU.        .    CgHsNS^G^HsCsNSt.     Salphocyanide  of  allyl. 
GarUc-oU     .        .     G^H^S    =  CeHgS  Sulphide  of  allyl. 

This  relation  has  been  experimentally  established.  By  mixing  mustard-oil 
with  hydrate  of  soda  and  quicklime,  and  exposing  the  whole  in  a  hermetically- 
lealed  tube  to  a  temperature  superior  to  that  of  boiling  water,  sulphocyauide 
of  Bodiam  Is  produced,  together  with  an  oily  substance  which  is  oxide  of  allyl; 
ft  sabstance  chiefly  known  in  combination,  and  which  is  the  oxygenetted  con- 
Btitaent  of  crude  garlic-oil.  Again,  if  mustnrd-oil  be  treated  in  a  similnr 
nunner  with  sulphide  of  potassium,  sulphocyauide  of  potassium  and  garlic- 
oil  are  formed.  On  the  other  hand,  when  the  compound  of  garlic-oil  and 
chloride  of  mercury  is  gently  heated  with  sulphocyanide  of  potassium,  mus- 
taid-oil,  with  all  its  characteristic  properties,  is  called  into  existence. 

The  oils  of  aut^cetida,  and  onions,  contain  sulphur,  and  consequently 
belong  to  the  same  series :  they  have  not  yet  been  thoroughly  examined. 
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Gommoii  redn,  or  colophony,  furnishes  perhaps  the  best  example  of  the 
fdais.  The  origin  of  this  substince  has  been  already  described.  It  is  a  mix- 
ture of  two  distinct  bodies,  having  ncid  properties,  called  pinic  and  sylvic  acids, 
separable  from  each  other  by  their  difference  of  solubility  in  cold  and  some- 
what dilute  alcohol,  the  former  being  by  far  the  more  soluble  of  the  two. 
Pare  syWie  acid  crystallizes  in  small,  colorless,  rhombic  prisms,  insoluble  in 
hot  strong  alcohol,  in  volatile  oils,  and  in  ether.  It  melts  when  heated,  but 
cannot  be  distilled  without  decomposition.  The  properties  of  pinic  acid  are 
very  similar.  Both  have  the  same  composition,  viz.,  C^llif^g.  A  third  resin- 
acid  also  isomeric  with  the  preceding,  pimaric,  has  been  found  in  the  turpen- 
tin  of  the  Pinut  maritima  of  Bordeaux. 

Lae  is  a  very  valuable  resin,  much  harder  than  colophony,  and  easily  solu- 
ble in  alcohol;  three  varieties  are  known  in  commerce,  viz.,  stick-lac,  seed-lac, 
and  gheUae.  It  is  used  in  varnishes,  and  in  the  manufacture  of  hats,  and 
very  largely  in  the  preparation  of  sealing-wax,  of  which  it  forms  the  chief 
ingredient.  Crude  lac  contains  a  red  dye  called  lac-dye,  which  is  partly 
voluble  in  water.  Lac  dissolves  in  considerable  quantity  in  a  hot  solution  of 
borax ;  Indian  ink,  rubbed  up  with  this  liquid,  forms  a  most  excellent  label' 
ink  fbr  the  laboratory,  as  it  is  unaffected  by  acid  vapors,  and,  when  once  dry, 
becomes  nearly  insoluble  in  water. 

MoMtiCy  Dammar-resin,  and  sandarae  are  resins  largely  used  by  the  varnish- 
maker.  J}raffon*t-blood  is  a  resin  of  a  deep-red  color.  Copal  is  also  a  very 
Taloable  sabstance;  it  differs  from  the  other  resins,  in  being  with  difficulty 
diasolTed  by  alcohol  and  essential  oils.  It  is  miscible,  however,  in  the  melted 
state  with  oils,  and  is  thus  made  into  varnish.  Amber  appears  to  be  a  fossil 
resin ;  it  is  found  accompanying  brown-coal  or  lignite. 

Caoutchouc,  india-rubber. — This  curious  and  now  most  useful  substance 
is  the  produce  of  several  trees  of  tropical  Cduntries,  which  yield  a  milky  juice, 
hardening  by  exposure  to  the  air.  In  a  pure  state  it  is  nearly  white,  the  dark 
color  of  commercial  caoutchouc  being  due  to  the  effects  of  smoke  and  othoi 
imparities.  Its  phyi<ical  characters  are  well  known.  It  is  softened,  but  not 
dissolved  by  boiling  water;  it  is  also  insoluble  \u  a\co\\o\.  \tw  \ivvt^  «^>^&Mc^ 
45 
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_  _d  Btfii*  — pfcrtia.  uid  toal-tar  «il.  it  diasoliGS,  *nil  is  l»tt  nnchuiitd 
ith»  c*mpoi«l>aD  nf  tkf  sclTmt.     Oil  ol  (DrpeDliD  also  dissDlree  it,  forming 

■nl,  wlbMiTv  man,  >kie)i  dries  tci^   imperfeelly.      At  m  temperAtum 

;■  tbim  tbe  bntiBf-ptiiDt  of  water  cftoatcbouc  melts,  bul  DeTer  atterosnli 

rm*  M  iM  tomerclaslie  Blkle.    Few  ebemieal  mgebla  affect  this  aobatanuj 

M  iU  gnat  pncticsl  luc  in  ebemical  inTHiigatians,  for  connecting  ippk- 

m,  Ac     Analrn*  sfawi  it  to  eoDtUD  notbiog  but  c&rbon  and  bydrugeo. 

?'9j  dcMnactiTC  £sti]tadoii  caaatchooc  jields  a  lai^  quantity  of  a  tbil 

~   *i1*Ib  WIj  licjitid.  of  naphtha-like  odar,  to  which  the  name  taoulehouem  bu 

_j»  opfilicd.     Thi*  a  probably  a  nuxtarc  of  Ecieral  bjdrociubona.  scarcslj 

t  Im  (cpraraled  from  each  other  b;  diatiilatian  or  olherwiae.     It  diaaoliM 

--   --■     K  with  fatilitj. 

tone  eoabiim  with  Tstiable  proportions  of  sulphar.     The  mixtant 

B^m  obtaiDfd  are  eaDed  mUanatd  Imdia-nibbtr :  the;  are  more  pernunciil^ 
~'*  iBtio  than  pure  eaoDlchOBC. 

A  awbUanoe  oiash  resembling  caoatchoas  in  certain  respects,  and  of  similu 
_jgut.  has  lalelj  b««D  introdnced  under  the  name  of  giilta  prrcha.  It  hil 
■iMrdjr  affMded  maDjr  useful  appliealions. 

Host  of  the  resins,  when  exposed  to  destraetire  diatiUatioD,  jield  KqnM 
wl;  pjra-producu,  usnsll;  carbides  if  hj-drogen.  which  hare  been  atodiet 
with  pardal  sneeess.  Gnat  ilifficalties  occur  in  these  inrestigationa:  the  I  ' 
«f  aeparating  from  each  otber,  and  isolating  bodies  which  acaruel;  differ 
Id  tbejr  boiling-pointB,  is  exceedioglj  troablesome. 

Bibtm  are  atao,  as  before  hinted.  Dalnral  miiturea  of  resins  with  rolstill' 
oila.     These  ififfn-  verj  greallj  in  oonaistence.  some  being  quite  fluid, 
nGd  and  brittle-     B7  keeping  the  softer  kiaUa  uften  become  hard.      B 
m»7  be  conveniently  dinded  into  two  cUfsee.  y\i.,  those  whicb.  Lke  t 

'  "    '  t  tMrpattm,  C^nadjt  t^liam.  copaiba  baljuat,  &C'>  are  merely  natunl 
it  solutions  of  re^na  in  volatile  oils,  and  those  which  oontain  bennda] 
or  cinnamic  acid  in  addition,  as  Pau  and  Tulu  baliam.  and  the  solid  resinutt 
bnaoiit.  common];  called  yum-btmoin, 

Toln-balsam,  b;  distillatioa  with  water,  ;ields  three  prodncis;  nomelji 
bmioic  aeid,  the  dnnnmeiQ  of  M  Frtm;,  (p.  447.)  and  (ojme,  a  volatile  color 
less  bydrocarboB.  boiling  at  3^°  (UVC).  and contuning ChH„.  The  balasB 
freed  in  Ibis  manner  from  esaenlial  oils,  exposed  to  desiractite  distiUalioai 
jields  in  accession  a  tiseoua  liquid  which  cr;stanixes  in  the  receiver,  and  ^ 
thin  liquid  heavier  tban  water :  oarbonio  acid  and  carbonic  oxide  are  largeU 
aiolred.  and  the  retort  is  afterwards  found  to  contain  a  residue  of  eharaou 
The  solid  product  is  chieS;  a  mixture  of  benioic  and  cinnamic  acids:  Ihl 
volatile  oil  contains  at  least  two  substances  differing  in  their  boitiug-p<MDl^ 
and  easily  eepsrsled,  name!;,  (niiioJ  (benioene,  see  page  441).  and  an  alj 
liqQJd  heavier  tban  water,  of  high  boiling-point,  and  hating  the  composifio* 
and  eharacten  of  benioic  ether. 

Tolaol  is  a  thin,  eolorleas  liquid,  insoluble  in  water,  spnringl;  soluble  It' 
aleohol.  more  freely  In  ether ;  it  fans  the  odor  of  beniol ;  its  sp.  gr.  is  'tJlQ^ 
and  it  boila  at  226"  (108°C),  The  density  of  it?  vapor  is  a'26.  and  its  " 
'*h"s-  It  combines  with  faming  snlphuric  acid  to  the  componnd  m^ii 
nriJ,"  with  nitric  acid  it  yields  two  products,  lutrutoiaoi,  C,,H,SO,,  and 

I  111,  C„fl,N^  The  former  is  fluid  heavier  than  water,  and  bears  _  ^ 
mblanCG  in  odor  and  other  properliea  to  iiitrobeniol ;  tbe  latter  is  a  MafHt 
bl^  cryslallisable  aubatance.  The  cDnTersion  of  nilrotolnoMutoth-  "  --'* 
]  toluidine,  has  been  already  deacrtbed  (aee  page  603). 
^fubl  tloraz  diatilled  with  water,  holding  in  solution  a  little  carbonate  CC 
\ 


Ha.  ;ields  a  small  and  variable  qunntii;  of  volntilo  oil,  not  homogen*oa% 
Hi  from  which,  b;  careful  distillation,  a  liquid  volatile  liydrocarbon.  letnw 
'^K  ean  be  extracted  in  a  stale  of  parity.  It  is  thin  and  oulorles^i.  of  pow**^ 
"'«  odor,  refuses  to  solidify  when  cooled  to  0°  ( —  17"'iC),  and  boAr' 
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at  298*»  (145*»C).  Its  sp.  gr.  is  -924 ;  it  is  nearly  insoluble  in  water,  bu* 
mixes  freely  with  alcohol  and  ether.  Styrol  contains  C,eHg,  and  is  conse- 
quently isomeric  with  benzol. 

Storax,  from  which  the  styrol  has  been  separated  by  distillation,  when  treateo 
with  carbonate  of  soda,  yields  a  considerable  quantity  of  cinnamate  of  soda. 
The  residue  consists  of  resinous  bodies,  with  which  a  crystalline  substance  is 
associated,  removable  by  alcohol,  and  containing  C^^^fi^.  This  substance, 
long  known  as  ityraein,  has  lately  been  found  to  be  cinnamate  of  cinnamyl, 
CmH^O^  ■=  GjgHgO,  GigHfOs  (see  cinnamyl-series,  page  445). 

when  a  portion  of  styrol  is  hermetically  sealed  in  a  glass  tube,  and  thee 
exposed  for  half  an  hour  to  a  temperature  approaching  400<'  (204<'C)  b> 
means  of  an  oil-bath,  it  undergoes  a  most  remarkable  change,  becoming  con- 
Terted  into  a  solid,  transparent,  glassy,  fusible  substance,  called  metaatyrol, 
isomeric,  as  might  be  expected,  with  styrol  itself.  The  same  change  is  slowly 
produced  by  the  influence  of  sunshine.  A  portion  of  metastyrol  is  always 
formed  when  styrol  is  distilled  in  a  retort  without  water.  Metastyrol  is  again 
oonvertible  by  distillation  at  a  high  temperature  into  liquid  styrol.^ 

Certain  of  the  products  of  the  distillation  of  dragon*s-blood  appear  to  b6 
dentioal  with  these  bodies. 
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ED    FBQH    TAR 


OH  CEBTAIN  PB0DDCT3  OF  THE  lESTRDCTIVE  DISTILLATION  A, 
BLOW  PUTEEF ACTIVE  CHANGE  OF  ORGANIC  MATTER. 


Thkb«  are  three  principal  TftriBtiea  of  tar:  —  (1.)  Tar  of  tht  woorf-ut 
maker,  prooured  hj  Ihs  deatmctiye  diatiUtttion  of  dry  hard  wood;  (2.)  S 
Apfffl  tar,  ao  lar^lj  ouneumed  in  the  aria,  as  in  ahip-baildiag,  &o.,  wbisbK 
obtained  by  exposing  lo  a.  bind  of  rud«  diitillatio  ptrdtiernrum  the  rooli  * 
tiBolesB  pnrta  at  resinoua  pine  and  Gr^tlmber;  and,  lastly,  (3.)  Coal  or  n 
tar,  a  by-pn>duct  in  the  manufactura  of  ooal-gas.  This  is  visaid,  btaek,  ai 
wnmoDiaoal. 

All  these  tars  yield  by  diBtillation,  alone  or  with  iraler,  oily  liqaids  of  u 
tremely  onmplioated  unture,  from  which  a  number  of  ourious  products,  to  bi 
presently  described,  have  been  procarod:  (he  solid  brown  or  black  re8idn(~f 
eongtitnles  pitch.     Hard-wood  tar  rurniBhes  the  following :  — 

pARArriH ;  T*s-orL  btearih.  —  This  romarkable  eubstanee  is  found  in  that 
part  of  the  wood-oil  wbioh  is  heaTipr  thaii  water;  it  ia  eitnated  by  redis- 
tilling  the  oil  in  a  retort,  oolleoting  apart  the  last  portions,  grsdiiallj'  adding 
a  quantity  of  alcohol,  and  exposing  the  whole  to  a  low  lemperBtare.  Thu 
obtained,  parafiin  appears  in  the  shape  of  smail.  eolorlesa  needles,  fusible  al 
llO"  (43°-3C)  to  a  clear  liquid,  which  on  solidifyiog  beoonies  glassy  and  Inas- 
parenl.  It  ia  tasteless  and  inodorous ;  volatile  without  deoompoHidon  :  and 
bams,  when  strongly  heated,  with  a  luminous  yet  smoky  Same.  It  ie  quiu 
insoluble  in  water,  slightly  soluble  in  alcohol,  ^eely  in  etlicr,  and  miscible  in 
all  proportions,  when  melted,  with  both  Gied  and  TOlatile  oils.  The  mnsl 
energetic  cbomical  rengonts.  M  strong  acids,  alkalies,  obtoriiie,  &e.,  fail  tv 
exert  any  action  on  this  substance:  it  is  not  known  to  combine  in  a  definitt 
manner  with  any  other  body,  whence  its  extraordinary  name,  tram  jiantr 


EitpioNi,'  —  Thisia  the  chief  component  of  the  light  oil  of  wood  tar;  it 
occurs  also  in  the  lar  of  animal  matters,  and  in  the  fluid  product  of  the  dis- 
miation  of  rape-seed  oil.  Its  separation  is  effected  by  the  agency  of  ooneen- 
traled  sulphuric  acid,  or  of  a  mixture  of  sulphuric  acid  and  nitre,  which 
aiidizcB  and  destroys  moat  of  the  accompanying  aubslances.  In  a  pure  stale, 
it  is  an  exceedingly  thin,  colorless  liquid,  of  agreeable  aromatic  odor,  but 
destitute  of  taste:  it  is  the  lightest  known  liquid,  haTin^i  a  densitjr  of  0'S55. 
At  116°  (46°-6C)  it  boits  and  distils  unchanged.  Dropped  upon  paper,  il 
makes  a  greasy  stain,  which  after  a  time  disappears.    Eupione  is  very  inflnm- 
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aiable,  and  bums  with  a  bright  luminous  flame.   In  water  it  is  quite  insoluble, 
in  rectified  spirit  nearly  so,  but  with  ether  and  oils  freely  miscible. 

Eupione  is  a  hydrocarbon :  according  to  Hess  it  consists  of  C^U^.  It  is  very 
probable  that  eupione  frequently  contains  and  sometimes  entirely  consists  of 
hydride  of  amyl  (see  page  417). 

Other  Yolatile  oils,  haviug  a  similar  origin,  and  perhaps  a  similar  composi- 
tion, but  differing  from  the  above  in  specific  gravity  and  boiling-point,  are 
sometimes  confounded  with  eupione.  The  study  of  these  substances  presents 
many  serious  difficulties.  It  is  even  doubtful  whether  the  eupione  be  not 
formed  by  the  energetic  chemical  agents  employed  in  its  supposed  purification ; 
and  this  remark  applies  with  even  greater  force  to  the  next  three  or  four  tar- 
products  to  be  noticed. 

PiCAMAB.^ — A  component  of  the  heavy  oil  of  wood ;  it  is  a  viscid,  colorless, 
oily  Mqnid,  of  feeble  odor,  but  intensely-bitter  taste.  Its  density  is  1*095, 
and  it  boils  at  518°  (270°G).  It  is  insoluble  in  water,  but  dissolves  in  all  pro- 
portions in  alcohol,  ether,  and  the  oils  The  most  characteristic  property  of 
picamar  is  that  of  forming  with  the  alkalies  and  ammonia  crystalline  com- 
pounds, which,  although  decomposed  by  water,  are  soluble  without  change  in 
spirit.     The  composition  of  this  substance  is  unknown. 

Eapnomob.' —  Such  is  the  name  given  by  Dr.  Reichenbach  to  another  oily 
liquid  obtained  from  the  same  source  as  the  last,  by  a  long  and  complex  pro- 
cess, in  which  strong  solutions  of  caustic  potassa  are  freely  used.  It  is  de- 
scribed as  a  colorless  volatile  oil,  of  high  boiling-point,  and  rather  lighter  than 
water ;  it  has  an  odor  of  ginger,  and  a  taste  feeble  at  first,  but  afterwards 
becoming  connected  with  an  insupportable  sense  of  suffocation.  Water  refuses 
to  dissolve  it ;  alcohol  and  ether  take  it  up  easily ;  and  oil  of  vitriol  combines 
with  it,  giving  rise  to  a  complex  acid,  the  potassa  salt  of  which  is  crystallizable. 
Its  composition  is  unknown. 

Gedbibbt." — The  lighter  oil  of  hard- wood  tar  contains  a  substance,  separable 
from  the  eupione,  &c.,  by  caustic  alkalies,  which  in  contact  with  oxidizing 
agents,  as  sulphate  of  sesquioxide  of  iron,  chromic  acid,  or  even  atmospheric 
air,  yields  a  mass  of  small,  red,  reticulated  crystals,  infusible  by  heat,  and 
soluble  in  concentrated  sulphuric  acid  with  deep  indigo-blue  color.  The  sub- 
stance is  insoluble  in  water,  alcohol,  and  ether ;  nothing  is  known  respecting 
its  composition. 

Kbeosote.^ — This  is  by  far  the  most  important  and  interesting  body  of  the 
group.  Its  discovery  is  due  to  Reichenbach:  it  is  the  principle  to  which 
wood-smoke  owes  its  power  of  curing  and  presemng  salted  meat  and  other 
provisions.  Kreosote  is  most  abundantly  contained  in  the  heavy  oil  of  beech- 
tar,  as  procured  from  the  wood- vinegar  maker,  and  is  thence  extracted  by  a 
most  tedious  and  complicated  series  of  operations;  it  certainly  pre-exists, 
however,  in  the  original  material.  The  tar  is  distilled  in  a  metallic  vessel, 
and  the  different  products  are  collected  apart;  the  most  volatile  portion, 
irhich  is  lighter  than  water,  and  consists  chiefly  of  eupione,  is  rejected ;  the 
second  portion  is  denser,  and  contains  the  kreosote,  and  is  set  aside ;  the  dis- 
tillation is  stopped  when  paraffin  begins  to  pass  over  in  quantity.  The  im- 
pure kreosote  is  first  agitated  with  carbonate  of  potassa  to  remove  adhering 
acid,  separated  and  redistilled,  the  first  part  being  again  rejected ;  it  is  next 
Btrongly  shaken  with  a  solution  of  phosphoric  acid,  and  again  distilled :  a 
quantity  of  ammonia  is  thus  separated.  Afterwards,  it  is  dissolved  in  a  solu- 
tion of  caustic  potassa  of  specific  gravity  1*12,  and  decanted  from  the  insolu- 
ble oil  which  floats  on  the  surface :  this  alkaline  liquid  is  boiled,  and  left 
some  time  in  contact  with  air,  by  which  it  acquires  a  brown  color,  from  the 

*  From  piXj  and  amartUt  in  allusion  to  its  bitter  taste. 

*  From  Kavv^y  smoke,  fiotpa,  part 

*  From  oedriumy  the  old  name  for  acid  tar-water,  and  rete,  a  net. 

*  Derived  from  Kpias^  flesh  and  «r(&(w,  I  preserve. 
45  <* 
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Oiidklion  of  Borne  yet  UDknown  substsnce  pieaent  in  the  crude  prodnet.  Tin 
compoand  of  kreoaote  and  alknU  is  next  decomposed  bj  sniphnrie  naA  ;  tti 
Hparated  kreosbte  ia  ngain  diasaWed  in  CDualJo  pota«Fa,  boiled  i 
the  eqlutioD  decomposed  bj  kcid ;  and  Ibi;  treatment  repeated  ontil  Ihc  pi» 
dnct  eeasea  to  become  colored  b;  the  joint  inOoonce  of  oxygen  and  the  ilkf 
line  base.  When  so  fur  purified,  it  is  well  naahed  with  water,  and  diatDlel! 
The  firrjl  portion  coQlnina  water;  that  which  succeeds  is  pur«  kreonote. 

In  tblB  enndition  krooEi«te  is  a  eolorlesH,  samewbat  Tiecid  oil;  liquid,  if 
great  rorraotive  and  diapersiTe  power.     It  is  quite  neutral  to  test-paper; 
I   has  a  penetrating  and  moat  peculiar  odor.  thai,  namely,  nf  smoked  meat,  an 
I    ft  pungent  and  almost  iosupportable  taste  when  placed  in  a  very  small  qoM 
'   tity  upon  Ihe  tongue.     The  denBit;  of  this  substance  is  1-037,  and  its  boiIiii| 
point  307°  (U0^°-8C].     It  ioflamea  with  difficulty,  and  then  bums  Wllb 
tnnok;  light.     When  qnite  pure,  it  is  unalterable  by  exposure  to  the  A 
niuoli  of  the  kreosole  of  commerce  becomes,  however,  under  these 
Btances,  gradually  brown.      100  parts  of  cold  water  take  up  about  IJ  parts  i 
kreuxote  ;  at  a  high  temperature  rather  more  ia  disaoWed,  and  the  hat  soli  " 
■bandoOB  a  portion  on  cooling.     The  kreosote  itself  absorbs  water  also 
oonsiderable  extent.      In  acetia  acid  it  dissoWea  in  mncb  larger  quant 
Alcohol  and  etber  mix  with  kreaote  in  all  proportions.     Concentrated 
phurio  acid,  by  the  aid  of  beat,  blackens  and  destroys  it.     Cauatie  poti 
disBolveB  krsuaote  with  great  facility,  and  forms  with  it  a  definite  cempot 
which  oryslallixes  in  brilliant  pearly  soales. 

Kreosote  consists  of  eacbon,  hydrogen,  and  oxygen,  but  ita  exact  conp 
tion  is  yel  uncertain.  The  formula  C,,[IgO,  has  been  giren,  but  ia  not  e 
blished  beyoud  a  doubt. 

The  most  remarkable  and  characteristic  featnre  of  the  compound  in  q< 
tion  is  its  eilraocdinary  antiseptic  power.  A  piece  of  animal  fleeh 
iu  a  *ery  dilute  solution  of  krcoaole  dries  up  to  a  mummy-like  enbat 
but  absolutely  refuaes  to  putrefy.  The  well-known  eflicaoy  of  impure  WM 
vinegar  in  preserring  proiisious  is  with  justice  attributed  la  the  kreosoM' 
oonlains;  and  the  effect  of  mere  wood-smoke  is  also  thns  explained.  U 
pure  Btate,  kreoaote  ia  aomelimes  employed  by  the  dentist  for  relieving  leof 
ache,  arising  from  pulrefactiie  decay  in  the  substance  of  tbe  tooth. 

Chhiben  akd  Ptbem. — M.  Laurent  extracted  from  pitch,  by  diatiUatlda' 
B  bigti  temperature,  two  new  solid  bodies,  to  which  he  ga.Te  thi  " 

names :  they  oondense  together,  with  a  quantity  of  oily  matter,  partly  in ' 
neck  of  the  retort,  and  partly  in  the  receiier,  and  are  separated  by  the 
of  ether.  CAryitn,  so  cnlled  from  its  golden  color,  is  a  pare  yellow  Cryl' 
line  powder,  which  fuaei  by  heat,  and  sublimes  without  much  decempoail 
It  ia  insoluble  in  water  and  alcohol,  and  nearly  insoluble  in  ether :  waim 
of  vitriol  dissolves  it,  with  the  development  of  a  beautiful  deep-green  cnl 
Boiling  nitric  aoid  converts  it  into  an  insoluble  red  Bubstance,  whicll  has 
been  studied.     Chrysen  ia  composed  of  C^S^. 

Fyrtn  differs  from  the  preceding  substance  iu  being  colorless,  oryetallil 
in  sibilII,  soft,  micaceous  scales,  soluble  in  boiling  alcohol  and  ether.  1 
fusible  and  volatile.     Pjtcd  oontaina  CuH^ 

Oil  of  ordinary  tar,  obtained  by  diatillalion  alone,  or  with  water,  cons 

in  great  measure  of  unaltered  oil  of  turpenlin,  mixed,  however,  with  car 

numatic  oily  products,  which  give  it  a  powerful  odor  and  a,  dark  color.    1 

I   -residual  pitch  contains  much  pine-resin,  and  thus  differs  from  the  solid  f 

tion  of  the  bard  wood-tar  ao  frequent!;  mentioned. 
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and  twice  rectified  with  water,  oecomes  nearly  colorless :  it  is  very  Tolatile, 
lighter  than  water,  very  inflammable,  and  possesses  in  a  high  degree  the  pro* 
perty  of  dissolving  caoutchouc,  on  which  account  it  is  very  extensively  used 
in  the  manufacture  of  waterproof  fabrics  containing  that  material. 

This  coal-oil  is  a  mixture  of  a  great  variety  of  liquids  and  solids  dissolved 
in  the  oil.  By  the  action  of  acids  and  alkalies,  this  mixture  may  be  con- 
veniently divided  into  three  separate  groups.  (1)  A  group  of  basic  com- 
pounds soluble  in  acids ;  (2)  an  acid  portion  soluble  in  alkalies ;  and  (3)  a 
group  of  neutral  constituents. 

The  basic  constituents  form  but  a  small  part  of  coal-tar  oil.  They  are 
extracted  by  agitating  successively  large  quantities  of  the  oil  with  hydro- 
chloric acid,  and  afterwards  distilling  the  acid  watery  liquid  obtained  with 
excess  of  hydrate  of  lime.  The  bases  thus  obtained  consist  chiefly  of  pico- 
line  (see  page  606),  aniline  (see  page  498),  and  leucoline  (see  page  506),  and 
are  separated  by  (ustillation ;  these  three  compounds  boiling  at  very  different 
temperatures. 

The  acid  portion  of  coal-tar  oil  consists  essentially  of  carbolic  acid  or 
phenol. 

Gasbolio  acid  ;  phbnol. — Common  coal-tar  oil  is  agitated  with  a  mixture 
of  hydrate  of  lime  and  water,  the  whole  being  left  for  a  considerable  time : 
the  aqueous  liquid  is  then  separated  from  the  undissolved  oil,  decomposed  by 
hydrochloric  acid,  and  the  oily  product  obtained  purified  by  cautious  distilla- 
tion, the  first  third  only  being  collected.  Or  crude  coal-tar  oil  is  subjected 
to  distillation  in  a  retort  furnished  with  a  thermometer,  and  the  portion 
which  passes  over  between  the  temperatures  of  800<'-400o  (194°-204°-5G) 
collected  apart.  This  product  is  then  mixed  with  a  hot  strong  solution  of 
oauBtio  potassa,  and  left  to  stand ;  a  whitish,  somewhat  crystalline,  pasty  mass 
is  obtained,  which  by  the  action  of  water  is  resolved  into  a  light  oily  liquid 
and  a  dense  alkaline  solution.  The  latter  is  withdrawn  by  a  siphon,  decom- 
posed by  hydrochloric  acid,  and  the  separated  oil  purified  by  contact  with 
chloride  of  calcium  and  redistillation.  Lastly,  it  is  exposed  to  a  low  tempera- 
ture, and  the  crystals  formed  drained  from  the  mother-liquor  and  carefully 
preserved  from  the  air. 

Pure  carbolic  acid  forms  long  colorless  prismatic  needles,  which  melt*)it  96^ 
(86°C^  to  an  oily  liquid,  boiling  at  370°  (180°),  and  greatly  resembling  kreo- 
sote^  in  many  particulars,  having  a  very  penetrating  odor  and  burning  taste, 
and  attacking  the  skin  of  the  lips.  Its  sp.  gr.  is  1  *065.  It  is  slightly  solu- 
ble in  water,  freely  in  alcohol  and  ether,  and  has  no  acid  reaction  to  test- 
paper.  The  crystals  absorb  moisture  with  avidity,  and  liquefy.  It  coagu- 
lates albumin.  Sulphur  and  iodine  dissolve  in  it ;  nitric  acid,  chlorine,  and 
bromine  attack  it  with  energy.  Carbolic  acid  contains  C^gUfijRO  ;  its  for- 
mation from  salicylic  acid  has  been  already  mentioned  (page  444). 

In  its  chemical  deportment  carbolic  acid  stands  very  near  the  alcohols ;  a 
fact  to  which  allusion  has  been  made  already  in  former  sections  (see  pages 
439  and  444) :  we  may  assume  in  it  a  compound  radical,  phenylfC^U^  =  Pyl, 
analogous  to  ethyl,  when  carbolic  acid  becomes  PylO,HO,  or  hydrated  oxide 
of  phenyl. 

With  sulphuric  acid  hydrate  of  oxide  of  phenyl  forms  the  compound  acid, 
wlphophenie  add^  0^1150,2803,110  =  PylO,2S03, HO,  which  assumes  a  syrupy 
state  in  the  dry  vacuum.  This  acid  closely  corresponds  to  sulphovinic  acid 
(see  page  875).     The  baryta-salt  crystallizes  from  alcohol  in  minute  needles. 

Phenyl-alcohol  dissolves  potassium  with  evolution  of  hydrogen,  a  com- 
pound CjaHjOyKO  being  produced,  which  is  analogous  to  the  substance  formed 
in  a  sinmar  manner  from  common  alcohol  (see  page  865).     On  heating  this 

^  A.  great  deal  of  the  kreoeote  which  occurs  in  oommeroe  i8|  in  Hut,  nothing  but  more  or  lesa 
^ure  oarholk  add. 
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potMsa-compound  with  iodide  of  methyl,  ethyl,  or  amyl,  a  series  of  doabli 
ethers  are  produced  represented  by  the  following  formuIsD :  — 

^i^dl?h7'   }    Py'O'MeO    =    C«H.O.C.H^    =    C^H/), 
°'i2r.K"°'^   }    PylO.AeO    =    C„H.0.0,H.O    =    C,.H.O, 
°'«diy"^'  }    PylO'^y'O  =    C«H.0,C»H..O   =    C„H^ 

These  substances,  also  described  by  the  names  anitol  (because  it  is  likewise 
produced  by  the  (Ustillation  of  anisic  acid),  pheneUd,  and  phenemyM,  are 
eTidently  analogous  to  the  compounds  of  oxide  of  methyl  with  those  of  ethjl 
and  amyl,  which  hare  been  mentioned  in  pages  401  and  371. 

A  chloride  of  phenyl,  CJEifil  =  PylCl,  has  been  produced  by  the  aetion  of 
pentachloride  of  phosphorus  upon  hydrated  oxide  of  phenyl.  This  compound, 
however,  which  is  a  heayy  oil,  is  but  very  imperfectly  known. 

Cyanide  of  phenyl,  Cj^HgN  =  C^H^CgN  =  PylCy,  has  not  yet  been  |m>dueed 
firom  phenyl-alcohol  directly.  The  substance,  however,  which  has  been  de* 
■oribed  under  the  name  of  bensonitnle  (page  489),  is  both  by  eompocitioi 
and  deportment  cyanide  of  phenyl,  perfectly  analogous  to  eyaiiide  of  ethyl 
(see  page  872).  Boiled  with  potassa  it  is  converted  into  ammonia  and  benssis 
acid,  cyanide  of  ethyl  furnishing  ammonia  and  propionic  acid.  Starting  fnm 
this  decomposition,  benioic  acid  may  be  viewed  as  phenyl-oxaUe  add,  C^jjQL 
HO  =  cJHf,CgO^HO,  just  as  propionic  add  may  be  regarded  as  etftT^ 
oxalic  ada  (see  page  411). 

Hydrated  oxide  of  phenyl  when  treated  with  chloride  of  bensoyl  (see  psgt 
486)  yields  hydrochloric  acid  and  a  white  fusible  crystalline  compound  whi^ 
is  benMoaU  of  phenyl,  CJdfi,Q^fi^  =  PylO,BiO,  analogous  to  benxoate  of 
ethyl.  When  heated  for  some  time  with  ammonia  in  sealed  tabes,  pheojrl- 
alcohol  yields  anUme  CJd^  =  CJEiJIAJ^  =  PylH^N  {pkmylamme),  the 
ethylamine  of  the  phenyl-series  (see  page  498). 

The  following  table  gives  a  synopsis  of  the  phenyl-€omp<Nnids,  which  have 
been  placed  in  juxtaposition  with  the  corresponding  terms  of  the  ethyl-eeries  :— 

Phenyl-alcohol    PylO,HO  AeO,HO  Ethyl-akM^iol 

^nyl^ L^*"  }  ^^^»^^  ^•^•^^  ^^  ^^  etfcyl-potassa 

^^d*'^''^*'   |PylO,2S(VHO    AeO.2S0^HO  Sulphovime  add 

AeO  Oxide  of  ctfa^ 

^^^T*  ^^      }  ^^  ^*^  Chloride  of  ethyl 

Cvanide  of      ) 

phenyl  Mjen-  \  PylCy  AeCy  f  Cyanide  of  ethyl 

lonitrile)        J  \     (piro|»o-iiitriJe) 

^^r^     }PyK).PvlCA     AeaAeCW,        Pt«pi«Mt»  of  ethyl 

Phcnvlamine   \  vn  i>^i  vw  a* 

^aaiUne>         ;^H.P3rl  NHf^e 

Phenyhirea         tVH,r^l)X/)^    C,.H^e)3^ 


rU<ir«pWmMir  M»i. — This  is  the  cihsracterisdc  and  priadpal  prodaet  of  Ihl 
acticn  4>f  chl<^ne  <n  hydnte  of  oxide  cvf  phcBjl.  Tlte  pwre  soliBtaBee  is  nt 
iM^f^sarr  for  the  pir^paiaxaoB  of  this  body,  t^ow  portkvis  of  erode  eool-flil 
Which  bdl  becwMs  $60«-40(!F  (1S^^-^M«^)  wnvrng  wiy  w«IL    Hi 
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oil  is  saturated  with  chlorine,  and  distilled  in  the  open  air,  the  first  and  last 
portions  being  rejected ;  the  product  is  again  treated  with  chlorine  until  the 
whole  solidifies.  The  crystals  are  drained  and  dissolved  in  hot  dilute  solution 
of  ammonia;  on  cooling,  the  sparingly-soluble  chlorophenisate  ef  ammonia 
crystallizes  out.  This  is  dissolved  in  pure  water,  decomposed  by  hydrochloric 
acid,  washed,  and,  lastly,  distilled. 

Chlorophenisio  acid  forms  exceedingly  fine,  colorless,  silky  needles,  whicl 
melt  when  gently  heated ;  it  has  a  very  penetrating,  persistent,  and  character 
istic  odor,  is  very  sparingly  soluble  in  water,  but  dissolves  freely  in  alcohol, 
ether,  and  hot  concentrated  sulphuric  acid.  It  slowly  sublimes  at  common 
temperatures,  and  distils  with  ebullition  when  strongly  heated.  Chlorophe- 
nisio acid  forms  well-defined  salts,  and  contains  Ci2(H2Cl3),0,HO.  By  the 
action  of  a  great  excess  of  chlorine  an  analogous  acid  richer  in  chlorine  is 
formed.  It  is  called  chhrophenusic  acid,  and  contains  G|2Cl50,HO.  Bromophe' 
imie  acid  is  prepared  by  analogous  means,  and  possesses  a  constitution  and 
character  greatly  resembling  those  of  the  chlorine-compound. 

Nitrophmasic  acid. — On  distilling  phenyl-alcohol  with  very  dilute  nitric  acid, 
beautiful  yellow  needles  are  obtained,  soluble  in  ammonia  and  potassa,  and 
yielding  a  beautiful  red  silver-salt.  This  substance  is  nitrophenasie  aeid^ 
C^U^O^^UO  =  C,2(H4N04)0,HO.  NitropheneHc  and  nitrophenisic  acids  may 
be  prepared  directly  from  the  oil  which  is  employed  in  the  preparation  of 
ehlorophenisio  acid.  The  oil  is  carefully  mixed  in  a  large  open  vessel  with 
rather  more  than  its  own  weight  of  ordinary  nitric  acid.  The  action  is  very 
violent.  The  brownish-red  substance  produced  is  slightly  washed  with  water, 
then  boiled  with  dilute  ammonia,  and  filtered  hot.  A  brown  mass  remains  on 
the  filter,  which  is  preserved  to  prepare  nitrophenisic  acid,  and  the  solution 
deposits  on  cooling  a  very  impure  ammoniacal  salt  of  nitrophenesic  acid,  which 
requires  several  successive  crystallizations,  after  which  it  is  decomposed  by 
nitric  acid  and  the  product  crystallized  from  alcohol. 

Nitrophenesic  acid  forms  blonde-colored  prismatic  crystals,  very  sparingly 
sohible  even  in  boiling  water,  but  freely  soluble  in  alcohol.  It  has  no  odor. 
Its  taste,  at  first  feeble,  becomes  after  a  short  time  very  bitter.  At  219® 
(104°C)  it  melts,  and  on  cooling  crystallizes.  In  very  small  quantity  it  may 
be  distilled  without  decomposition,  but  when  briskly  heated  it  often  detonates, 
but  not  violently.  The  salts  of  this  acid  are  yellow  or  orange  and  very  beau- 
tiful ;  they  are  mostly  soluble  in  water,  and  detonate  feebly  when  heated. 
The  acid  contains  CjjHjNjOg,!!©  =  CwH,(N04)20,HO.  Nitrophenisic  acid  is 
identical  with  picric  or  carbazotic  acia.  It  may  be  prepared  with  great  eco- 
nomy from  impure  nitrophenesic  acid,  or  from  the  brown  mass  insoluble  in 
dilute  ammonia  already  referred  to.  It  is  purified  by  a  process  similar  to  that 
employed  in  the  case  of  the  preceding  substances.  Nitrophenisic  acid  contains 
CtfH2N80i3,H0  =  C,gHg(N04),0,H0. 

The  following  table  exhibits  the  relation  of  these  substitution-products  :«- 

Phenyl-alcohol  C,jH50,H0  =  Phenol. 

Chlorophenisic  acid  C|2(H2Cl3)0,HO  =  Trichlorophenol. 

Nitrophenasie  acid  C,2(H4N04)0,H0  =  Nitrophenol. 

Nitrophenesic  acid  C,s(H,[N04l2)0,H0  =  Binitrophenol. 

Nitrophenisic  acid  C,2(H2[N04Jj)0,HO,  =  Trinitrophenol. 

Goal-tar  oil  appears  to  contain  several  homologues  of  hydrated  oxide  of 
phenyl ;  of  these  hydrated  oxide  of  cresyl,  C,4H802  ^  C,4H^0,H0  is  best  known. 
This  substance  is  isomeric  with  creosote  (see  page  638),  benzoic  alcohol  (see 
page  488),  and  anisol  (see  page  525),  but  differs  from  all  these  substances. 
Hydratod  oxide  of  cresyl  closely  imitates  the  deportment  of  phenol.  It  is  pro- 
bably identical  with  tairylic  acid,  discovered  in  urine.     A  third  homologiM, 


> 
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the  hgdrau  ofoxidt  of  xylyl,  C^HmOj  =  C„H,0,HO,  bus  been  Inlely  oleenfd 
by  H.  Mflller. 

Tbe  nenlral  pnrtinn  of  coal-Inr  nnphthn-lcoiieisls  of  h  great  variet;  of  li;(1n>- 
carbnnB,  partly  liquid,  partly  wilij.  The  iiqiiid  bydrocnrliona  hnre  beai 
ftlready  dsagribed  (aee  pagev  43S  nnd  441),  Tbcy  are  chicSy  benxol,  foJuol, 
tyM,  eumol,  and  tymol.'  Tbe  solid  bydmcnrbona  sre  naphlhalm  and  pvtr 
napMhalin,  together  with  BGTeral  aimilitr  BubBlnnces  ieaa  petfectly  kaDnti, 

NAPHTHAI.IB. — When,  in  tbe  diatilliLtioD  of  coHl-tnr,  the  IkbC  porUon  of  ibi 
vnialile  oily  product  is  collcoted  apart  and  left  to  etanil.  n  quantity  of  wlid, 
eryeUlllne  rontter  sepHrateB,  nbicb  ia  principnily  composed  of  the  vnbstinn 
in  question.  Ad  additional  quantity  may  be  obtained  by  puehlni;  Ihe  dintiil*- 
tiun  nnti!  the  contents  of  the  leasel  begin  to  ohar;  the  napblhalin  Ihen  mi- 
denses  in  the  solid  state,  but  dark-colored  and  Tory  impiiro.  By  ainipla  BiibH- 
niatioD,  otice  or  twioe  repented,  it  ia  oblAined  perfectly  whit?.  In  ihisiUti 
nnphlhalin  forma  lAge,  colorlesa,  tranaparenl,  brilliant,  crjatalline  plates,  «i- 
baling  a  faint  and  peculiar  odor,  which  has  been  compared  to  that  uf  the  TOf- 
ciasua.  Nnphtbnlin  mella  at  176°  (80°C)  to  a  clear,  colorleaa  liquid,  wbiiih 
oryetalliies  on  cooling;  it  boila  at  418=  (211°&C),  and  eToWes  n  vapor  whoM 
dcneit;  ia  4'62S.  Whon  atrangly  heated  in  the  air,  it  inflnmee  and  burns  villi 
k  red  and  TCry  emoky  light.  It  is  inaolnble  in  cold  water,  but  aotuble  toa 
■light  degree  at  the  boiling  temperature;  alcobol  and  ether  diaaolve  it  eaMly; 
k  hot  saturated  alcobolio  solution  deposits  fine  iridescent  cryslnl?  on  cooling. 
HaphChalin  is  found  by  analysis  to  contain  Cy„B,  or  Cggtlg. 
Napbthalin  dissohea  in  warm  concentrated  sulphurio  acid,  forming  are* 
liquid,  whiub,  when  diluted  with  water,  and  saturated  with  carbonate  of 
baryta,  yields  salts  of  at  least  two  distinct  acida,  analogons  to  snlpboviniD 
Bdid.  One  of  these,  the  lulphonaphtkaiic  add  of  Mr.  Faraday,  crystalliiea  ften 
ft  hot  aqueoua  solntioii  in  small  white  acates.  which  are  but  apanngly  aoUblt 
in  the  cold.  The  free  acid  is  obtained  in  the  usual  manner  by  decompnaing 
the  baryta-aalt  with  sulphuric  acid ;  it  forma  a  colorleaa,  crystalllDe,  brittb 
mass,  of  acid,  molallic  taste,  Tory  deliquescent,  and  very  soluble  in  wMer. 
The  second  baryta-aalt  is  still  less  soluble  than  tbe  preceding.  The  compo- 
Bilion  of  aulphonaphlhalic  acid  is  C„H,S^,.HO. 

Fuming  nitric  acid  at  a  high  temperature  attacka  napbthalin  ;  the  prodocM 
ore  nnmerouB.  and  have  been  attentively  studied  by  Laurent.  The  same  cha- 
mist  has  described  a  long  series  of  carious  products  of  the  action  of  obloriiie 
on  napbthalin.  Nitric  acid  gives  Hae  to  a  great  number  of  nttro-sabslilDlM, 
the  most  iotereeting  of  which  is  the  compound  known  by  the  name  nitramifk 
ikalate,  which,  when  submitted  to  Zinin'a  process,  is  converted  into  nspkllitr 
lidiat  (see  page  503).  Among  (he  derivatives  of  napbthalin,  a  componnd 
deserves  to  be  mentioned,  which  has  been  described  under  llie  name  ofphlAalif 
mid.  This  acid  hna  not  yet  been  produced  directly  from  naphthaliu,  but  ma; 
be  obtained  by  boiling  one  of  the  products  of  tbe  aolion  of  chlorine  upon  napb- 
thalin, namely,  tho  tetrachloride  uf  naphthBliti  (C^HgCI^)  witli  nitric  aeU. 
The  same  aubstance  iB  formed  by  anbmitting  alizarin  to  the  action  vf  nitiit 

Pbthnlic  acid  crystttllises  in  colorleaa  plates  ;  it  is  but  slightly  soluble  in  «oW 
water,  but  dinsclvea  freely  in  alcohol  and  ether,  Fhtbalic  aoid  is  bibasio,  aid 
containa  C^Hj0^2H0:  when  heated  it  loses  2  -eq.  of  water,  and  becuimJ 
C-HjO,,  Treated  with  fuming  nitric  acid  it  yields  a  nitro-acid.  nitro-phthalis 
RCid,  C»(HjNO,)0,,2nO,     When  distilled  with  baryl*  it   ia  converted  inW 

C^fl,Ot  +  4BaO  =  4(BaO,CO,)  +  C^H, 

Pbtlialic  acid.  Benzol. 

>  Tbe  mat,  hrilmcBrhcre  have  tm'n  found  b;  M.  CuI  ourg  in  tho  dIJ;  Uquld  predplU(l4  tT 
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The  formation  of  phthalio  acid  from  alizarin  has  established  a  most  inte- 
resting connection  beivreen  the  naphtbalin-  and  alizarin-series.  It  would  be 
of  great  interest  if  naphtbalin,  which  is  produced  in  enormous  quantities  in 
the  manufacture  of  coal-gas,  but  has  not  yet  found  any  useful  application, 
could  be  conyerted  b}'  chemical  processes  into  alizarin.  That  there  is  a  hope 
of  such  a  couTersion  being  possible,  is  even  now  pointed  out  by  the  close  ana- 
logy of  one  of  the  chlorine-products  of  naphtbalin,  of  ckloronaphthalic  acid,  both 
in  composition  and  properties  with  alizarin.  This  substance  contains 
Cgj(  H^C1)0^  and  may  be  viewed  as  chloralizarin : — 

Alizarin 9iw>  ^c      ^c 

Ghloronaphthalic  acid ^(^6^1)0r 

Ghloronaphthalio  acid  produces  most  beautifully-colored  compounds  with 
the  metallic  oxides. 

The  history  of  the  formation  of  naphtbalin  is  rather  interesting ;  it  is  per- 
haps the  most  stable  of  all  the  more  complex  compounds  of  carbon  and  hydro- 
gen :  in  a  vessel  void  of  free  oxygen  it  may  be  heated  to  any  extent  without 
deoomposition ;  and,  indeed,  where  other  carbides  of  hydrogen  are  exposed  to 
a  very  high  temperature,  as  by  passing  in  vapor  through  a  red-hot  porcelain 
tabe,  a  certain  quantity  of  naphtbalin  is  almost  invariably  produced.  Hence 
its  presence  in  coal  and  other  tar  is  mainly  dependent  upon  the  temperature 
at  which  the  destructive  distillation  of  the  organic  substance  has  been  con- 
daeted.  Lampblack  very  frequently  contains  naphtbalin  thus  accidentally 
produced.  ^ 

Pabanaphthalin. — This  substance  occurs  in  the  naphtbalin  of  coal-tar,  and 
is  separated  by  the  use  of  alcohol,  in  which  ordinary  naphtbalin  is  freely 
soluble,  whilst  paranaphthalin  is  almost  totally  insoluble ;  in  other  respects  it 
much  resembles  naphtbalin.  The  crystals  obtained  by  sublimation  are,  how- 
ever, usually  smaller  and  less  distinct.  It  melts  at  356<>  (180°C),  and  boils 
at  670**  (299*'C),  or  above.  Its  best  solvent  is  oil  of  turpentin.  Paranaph- 
thalin has  the  same  composition  as  naphtbalin  itself;  the  density  of  its  vapor 
is,  however,  differei^t,  vii.  6*741.  Its  composition  may  be  represented  by  the 
formula  Q^YL^ 

The  products  of  the  distillation  of  coal  appear  to  vary  considerably  with 
the  nature  of  the  coal.  The  liquids  produced  in  the  distillation  of  Boghead 
Cannel  coal  have  been  examined  by  Mr.  Williams ;  they  consist  of  hydrocar- 
bons of  the  benzol-series,  of  homologues  of  ethylene,  and  of  those  of  ethyl. 

PETROLEUM,  NAPHTHA,  AND  OTHER  ALLIED  SUBSTANCES. 

PU^oalf  lignite  or  brovm-eoalf  jet,  bitumen  of  various  kinds,  petroleum,  oi 
r^eh-^nlt  and  naphtka,  and  a  few  other  allied  substances  more  rarely  met  with, 
are  looked  upon  as  products  of  the  decomposition  of  organic  matter,  espe- 
daily  Tegetable  matter,  beneath  the  surface  of  the  earth,  in  situations  where 
the  conditions  of  contact  with  water,  and  nearly  total  exclusion  of  atmo- 
spheric air,  are  fulfilled.  Deposited  at  the  bottom  of  seas,  lakes,  or  rivers, 
and  sabseqnently  covered  up  by  accumulations  of  clay  and  sand,  hereafter 
destined  to  become  shale  and  gritstone,  the  organic  tissue  undergoes  a  kind 
of  fermentation  by  which  the  bodies  in  question,  or  certain  of  them,  are 
slowly  produced.  Carbonic  acid  and  light  carbonetted  hydrogen  are  by-pro- 
ducts of  the  reaction ;  hence  their  frequent  disengagement,  the  first  from  beds 
of  lignite,  and  the  second  from  the  further  advanced  and  more  perfect  coal. 

The  vegetable  origin  of  coal  has  been  placed  beyond  doubt  by  microscopic 
research ;  vegetable  structure  can  be  thus  detected  even  in  the  most  massive 
and  perfect  varieties  of  coal  when  cut  into  thin  slices.  In  coal  of  inferior 
quality,  much  mixed  ^itb  earthv  matter,  it  is  evident  to  the  eye.     The  leaT« 


640  PETROLEDMy    NAPHTHAy 

of  ffirni,  reiHlfl,  and  other  lucoulent  plants,  more  or  leas  reeembling  those  of 
the  trii|M(!H,  tiro  found  in  a  coinpresHod  state  between  the  layers  of  shale  oi 
slnty  (;lay,  preHcrvod  in  the  most  beautiful  manner,  but  entirely  oonrerted  into 
liitiiniiiiouH  coal.  The  coal-mines  of  Europe,  and  particularly  those  of  our 
own  country,  furniHh  an  almost  complete  fossil  flora;  a  history  of  many  of 
thi*  now  loNt  Hpiicius  which  once  decorated  the  surface  of  the  earth. 

In  th(!  liKniteH  the  woody  structure  is  much  more  obyious.  Beds  of  thii 
iiiatitrial  are  found  in  very  many  of  the  newer  strata,  above  the  true  coal,  to 
whloli  thoy  are  connequontly  ponterior.  As  an  article  of  fuel,  brown-ooal  ii 
of  oonipnrativvly  small  value;  it  resembles  peat,  giving  but  little  flame  and 
niiitting  a  dinngrooable,  pungent  smell. 

Jot,  UNtMi  for  making  black  ornaments,  is  a  variety  of  lignite. 

Tlie  truo  bit  unions  are  dotntitute  of  all  organic  structure:  they  appear  to 
havr  arlHo n  from  coal  or  lignite  by  the  action  of  subterranean  beat ;  and  Teiy 
chuioly  roHoniblo  some  of  the  products  yielded  by  the  destructive  distiUation 
uf  tlioHo  bodioH.  Thoy  are  very  numerous,  and  have  yet  been  but  imperfect^ 
studioil. 

1 .  Mmfral  /»i/rA,  or  fompaet  bitumen^  the  asphaltum  or  Jew's  pitch  of  sono 
autlion*. — ThiM  subntanco  occurs  abundantly  in  many  part5t  of  the  world;  sa, 
in  tho  noighborhvHid  of  the  l>oad  Sea  in  Judea,  in  Trinidad,  in  the  famoni 

CVA  /«iAy,  niui  obo whore.  It  generally  resembles  in  aspect  common  pitch, 
ing  A  Uttlo  heavier  than  water,  easily  melted,  very  inflammable,  and  bum- 
ing  with  a  r^t,  smoky  flame.  It  consists  principally  of  a  substance  eaBed  bj 
M.  IVxsjtiiigauU  asfhalten^,  c^^mposed  of  OgyII,^>|.  It  is  worthy  of  remailL, 
that  LauiH^i^t  found  (VAni naphtha Un  in  a  native  mineral  pitch. 

IV  .lfi«irr<9/  frfr  s«oihs  to  be  essentiarir  a  $oladon  of  asphaltene  in  an  oily 
fluid  oallott  /vrrtV^v^,  This  has  a  pale-yellow  color,  and  peculiar  odor;  it  is 
lii^htor  than  water,  and  very  combttstihle,  and  has  a  high  boiling-point.  It 
hA5  tho  S!%mo  oomp^v^ition  as  the  oiis  of  tnrpentin  aI^i  lenrj^n-peel  namdj, 
t^i^M,.  Asph*':or.o  vvntair.s.  cv-n«^neat!y,  the  elesicaiie  of  T«Trc<!-eae.  vage- 
Ihov  >K.;h  a  qu»nt::v  of  oxTg^^^..  acd  fro>«Ky  ar:««s  frc-azi  iLe  vxidAtkc  of 
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i,v»  r.^^  •;  ,\v«rs  '.T.  :&*  .".-jfc'-sorrei^     It  is  f&fc^Oe.  aai  ;ief(f3LrL-<4  ia  maij 
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f,-  «>..->  Uni-,  oi.  .>i  :.!  .V'T*!.!  r-rw  I. TV*  ^»<»af  rf  ^na.'..  as  "drtj  art  isiiULlj  i:*EBiik 
o.'T  vN  .  ,.*  '•  ;.»  >4jrL  Ti'*  M'TTi.  iija««ukais  !::::««:  *i  ine 'ai3ii>«c  u*b  7«c« 
^*  ■*•  v>  ...  T'.vv'/k.  '•1. ««•*.»   fc*^  sjiU'cT.iMts  i»ftfcrl7  Miitc*j««:  xi»  diz^s  ati 
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oil.  Tbe  finest  specimens  of  naphtha  are  furnished  by  Italy,  where  it  occurs 
in  seyeral  places. 

In  proof  of  the  origin  attributed  to  these  substances,  an  experiment  of  Dr. 
Reicheiibach  may  be  cited,  who,  by  distilling  with  water  about  100  lbs.  of  pit- 
Goal,  obtained  nearly  2  ounces  of  an  oily  liquid  exactly  resembling  the  natural 
naphtha  of  Amiano,  in  the  Duchy  of  Parma. 

The  variations  of  color  and  consistence  in  different  specimens  of  these 
bodies  certainly  depend  in  great  measure  upon  the  presence  of  pitchy  and 
fatty  substances  dissolved  in  the  more  fluid  oil  Dr.  Gregory  found  paraffin 
in  petroleum  from  Rangoon. 

The  boiling-point  of  rock-oil  varies  from  about  180°  to  near  600°(82o-2  to 
Sld^^'SC).  A  thermometer  inserted  into  a  retort  in  which  the  oil  is  undergo- 
ing distillation,  never  shows  for  any  length  of  time  a  constant  temperature : 
hence  it  is  inferred  to  be  a  mixture  of  several  different  substances.  Neither 
do  the  different  varieties  of  naphtha  give  similar  results  on  analysis :  they 
are  all,  however,  carbides  of  hydrogen.  The  use  of  these  substances  in  the 
places  where  they  abound  is  tolerably  extensive ;  they  often  serve  the  inha- 
bitants for  fuel,  light,  &o.  To  the  chemist  pure  naphtha  is  valuable,  as  offer- 
ing facilities  for  l£e  preservation  of  the  more  oxidable  metals,  as  potassium 
and  sodium. 

Amongst  the  several  naphthas,  the  Burmese  naphtha  (Rangoon  tar)  has  been 
more  particularly  examined  by  Messrs.  De  La  Rue  and  Miiller.  It  consists 
principally  of  liquid  homologues  of  marsh  gas,  associated  with  small  quanti- 
ties of  hydrocarbons  of  the  benzol-series,  parafiin  and  hydrocarbons  analo- 
gous to  colophene. 

RetiniUy  or  Retinasphalt,  is  a  kind  of  fossil  resin  met' with  in  brown-coal;  it 
has  a  yellow  or  reddish  color,  is  fusible  and  inflammable,  and  readily  dissolved 
in  great  part  by  alcohol.  The  soluble  portion  has  been  called  retinic  acid  by 
Prof.  Johnston.  Hatchetin  is  a  somewhat  similar  substance  met  with  in  mine- 
ral coal  at  Merthyr  Tydvil,  and  also  near  Loch  Fyne,  in  Scotland.  Idrialin 
is  found  associated  with  native  cinnabar,  and  is  extracted  from  the  ore  by  oil 
of  turpentin,  in  which  it  dissolves.  It  is  a  white,  crystalline  substance, 
scarcely  volatile  without  decomposition,  but  slightly  soluble  in  alcohol  and 
ether,  and  composed  of  C42HJ4O;  it  is  generally  associated  with  a  hydrocar- 
bon idj-yi,  which  contains  C^H,^. 

Ozokerite,  or  fossil  wax,  is  found  in  Moldavia,  in  a  layer  of  bituminous  shale; 
it  is  brownish,  and  has  a  somewhat  pearly  appearance ;  it  is  fusible  below  212<> 
(lOO^C),  and  soluble  with  difficulty  in  alcohol  and  ether,  but  easily  in  oil  of 
turpentin.     It  appears  to  contain  more  than  one  definite  principle. 

Nefte-degU,  a  substance  resembling  the  former,  occurs  in  immense  quanti- 
ties in  the  vicinity  of  the  Caspian  Sea.  Another  substance  of  the  sanve  kind 
is  found  in  still  larger  quantities  at  Baku,  and  is  called  Kir. 
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UE  composition  and  propGcties  of  the  BubBlanoes  which  constitnle  tbi 
lea.  the  BecretioDS,  nnd  the  eicrctians  of  SDimnls,  form  Clie  subjeot  of  ut 
chemistrj. 

Ihdj  of  ihpse  gubstanoea  hare  been  already  fnll;  mentioned  in  the  ma^ 
_  io  p»rt  of  ihiB  work  -■  for  eianiple,  —  water,  carbonic  acid,  and  phosphaW 
of  lime;  other  nnimal  subatanceB,  bb  uren,  formic,  and  bippnrio  acid  bait 
baen  plnced  in  the  organic  part,  becnuHC,  from  their  composition,  relation^ 
Mid  properties,  tlie;  conid  not  be  Eepurated  from  other  BubBtauoes  which  arf 
net  eounecled  nith  animal  chemistr;.  As  the  ehemical  knowledge  of  oika 
knimal  substances  is  perfected,  theae  also  will  be  placed  under  the  head  «l. 
orgaaio  chcmiatrj,  and  thus  animal  chemiBtr;  will  nltimalelj  merely  embrawi 
the  knowledge  of  tbe  compoBition  and  propertiei'  of  the  complex  floidB  aM 
EtructuroB  of  tbe  body,  and  of  the  cbemical  actions  resulting  from 
food  which  are  requisite  for  the  support  of  animal  life. 

Although  animal  chemistry  baa  hitherto  oocnpied  the  attention  of  mvt 
■  "  yet  comparaliYflly  muoh  remains  to  be  done  and  to  be  nndi 
—  the  very  different  sabatancea  which  are  included  under 
tarm  protein  prinoiplea,  Chat  is,  of  which  protein  ia  the  first  prodncl  of 
poaitina  and  carbonate  of  ammonia  tbe  last,  oan  scarcely  yet  be  arrang 
according  to  their  percenlage-aompoBition,  much  leaa  be  represented  truly 
■ny  formnlie.      The  chemical  composittOD  of  tbe  diHereot  organs  and  teitm 
of  the  body,  for  inslance,  of  the  brain  or  blood,  or  even  of  the  bones,  ia  d 
ferently  given,  according  aa  Ibis  or  that  method  of  analy ais  is  followed.     I 
fame  may  be  aaid  of  the  secretions  aud  eicrotiona ;  and  these  vary  so  mn 
ftt  different  times,  in  different  persons  and  in  different  cIuBaes  of  animals,  tl 
BO  single  standard  of  comparison  oan  tie  adopted ;  hut  the  highest  and  Io«< 
limits  of  health  and  disease  should  be  determined.     For  example,  the  amo< 
of  the  different  substances  even  in  the  blood  or  in  the  urine  will  vary  betwt 
maximum  and  minimum  numbers,  and  these  are  not  yet  well  deternkiued. 
A  still  more  difficult  problem  ia  presented  to  the  chemist  in  tbe  inyesl'^ 
of  tho  processes  which  take  place  in  tbe  bodies  of  aoimala  and  legetablc 
Tbe  solution  of  the  food  by  the  action  of  alkalies,  acids,  and  ferments ;  " 
nutrition  of  the  organs  by  the  blood ;  the  production  of  animal  heat  by 
notion  of  inspired  oxygen  ;  and  the  removal  from  the  body  of  the  sabslu 
that  have  been  used  or  are  uaeless  or  injurious  :  these  are  questions  vhid 
fature  years  will  form  the  chief  subjects  of  investigation  in  auimal  cbemiaU: 
whilst  in  vegetable  chemistry  the  influence  of  the  ean-light  in  promoting 
fbrmaCion  of  the  innumerable  compounds  of  cnrboTi  by  subslitution,  will  idl 
Vutely  he  determined, 
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ALBinmiaiis  pbincifles.  alduhin.  —  Tbe  finid  portion  of  blood  whicb  hu 
•eenBoioe  time  drawn  from  the  Uviog  bod;,  nod  tbe  white  of  egga,  coDtain  tbii 
nibBtance  as  their  chief  aad  characteriBtio  ingredient.  In  tbo  purest  form  in 
which  albumin  haa  jet  been  obtained  It  is  inBOlubte,  or  neiirly  bo,  in  water. 
IT  clear  aeram  of  blootl,  or  white  of  egg  mixed  with  a  little  water  and  filtered, 
be  eiactl;  neutraliied  b;  acetic  acid,  and  then  largely  diluted  with  pure  cold 
water,  a  copions  flooculeot  precipitale  falls,  which  may  bo  collected  on  a  filter, 
and  washed.  In  this  state  i(  is  uearly  colorless,  inodorous,  and  tasteless;  it 
dieBolveH  with  facility  in  water  containing  an  exceedingly  small  quantity  of 
OBUstio  alkali,  and  gives  a  solution  which  haa  all  the  characters  of  tbe  original 
hqnid.  When  dried  by  gentle  heat,  it  shrinKs  to  a  very  small  bulk,  and  be- 
DomeB  a  traDslucent,  homy  mass,  ^Licb  softens  in  water,  and  exhales,  when 
exposed  to  heat,  the  nsnal  ammoDiacal  products  of  animal  mattor,  leaving  a 
bulky  coal,  very  difficult  of  combustion.'  When  white  of  egg  is  thinly  spread 
npoD  a  plate,  and  exposed  to  evaporation  in  a  Warm  place,  it  dries  up  to  a 
pale-jeilow,  brilliant,  gum-like  substance,  destitute  ofaU  traces  of  crjetalUna 
Gtmotnre.  la  this  state  i(  may  be  preserved  unchanged  for  any  length  of 
time,  the  presence  of  water  being  in  all  cases  necessary  to  putrefactive  decom- 
position.  The  dried  white  of  egg  may  also  be  exposed  to  a  heat  of  212° 
(1D0°C)  without  alteration  of  properties.  When  put  into  slightlj-warm  water, 
it  softens,  and  at  length  in  great  measure  dissolves.  When  reduced  to  fine 
powder  and  washed  upon  a  Slter  with  cold  water,  common  salt,  sulphate, 
phosphate,  and  carbonate  of  soda  are  dissolved  out,  together  with  mere 
traces  of  organic  matter,  white  a  soft  swollen  mass  remains  upon  the  filter 
which  has  all  the  characters  of  pure  albumin  obtained  by  precipitation 
When  dried  and  incinerated,  this  leaves  nothing  but  a  little  phosphate  ot 

It  thus  appears  likely  that  albumin,  instead  of  existing  in  two  distinct  con- 
dittons,  is  really  an  insoluble  substance,  and  that  its  soluble  state  ia  the  nui- 
nal  system  is  due  to  tbe  presence  of  a  little  alliali. 

When  natnral  albumin  ia  exposed  to  heat  it  solidifies,  Or  coagulalei.  The 
temperature  required  for  this  purpose  varies  with  the  state  of  dilution.  If 
the  quantity  of  albumin  be  so  great  that  the  liquid  haa  a  slimy  aspect,  a  heal 
of  145"  or  150°  (62°-6  or  G9°-6CJ  suffices,  and  the  whole  becomes  white,  solid, 
and  opaque!  in  a  very  dilute  oondition  boiling  is  required,  and  the  albumin 
then  separates  in  tight,  finely-divided  flocks.  Thus  changed  by  heat,  alba- 
min  becomes  quite  insoluble  in  water  at  ordinary  pressure ;  it  dries  up  to  ■ 
yellow,  transparent,  homy  substance,  which,  when  macerated  in  water,  re- 
sumes its  former  whitoneBS  and  opaoity.  In  dilute  oeustic  alkali  it  dissolves 
with  Tacility,  and  in  this  respect  resembles  tbe  inioiuhlt  albumin  just  defCribed; 
it  differs,  however,  from  the  latter  in  not  being  soluble  in  a  stroog  solution  of 
nitrate  of  potassa,  which  dissolves  with  great  ease  that  substBuoe,  The  only 
ohemical  change  that  can  be  traced  in  tbe  act  of  coagulation  is  the  loss  of 
■Ikali  and  soluble  salts,  wliich  arc  removed  by  the  hot  water. 

A  solution  of  ordinary  albamia  gives  precipitates  with  excess  of  sulplq) 
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bjdi'DGhlorio,  uitrio,  nnd  n»ra-phosphorio  acidB;  bnt  neither  with 
villi  common  gr  tribanic  pUospboric  acid.     Tbeee  precipilntes,  *hicli,  ihoit^ 
■oluble  in  water,  are  insolubln  in  an  bxcbbb  nf  dilute  acid,  are  looked  npon  - 
direct  Gompoundi  of  albumin  witb  tbe  noids  in  questton  :  conaeutrated  hjdi 
,   eUorio  aciU  giies  a  deep,  violet-blue  solution.     Most  of  tbe  metallic  ealla, 
I   (boae  of  aopper,  lend,  mercnrj,  &c.,  form  insoluble  compounds  with  albnini 
Mid  give  precipitates  with  its  solntion ;  hence  the  value  of  white  of  egg  u  i 
L  BBtidote  in  oaaee  of  poisuuing  with  corrosive  gnblimate.     Alcohol,  added 
k  krge  quanlity.  precipiulea  albumin  ;  ether  and  oil  of  turpentin  coagulale  t 
■aU>uniiii  of  the  white  of  ogga ;  but  these  rcaganta  do  not  affect  the  albnu 
lof  tl>e  eerum  of  the  blood,     Taanic  ncid,  or  infusion  of  galls,  gives  witb  it 
■aopiuDB  precipitate.     By  t^ese  cbaraclers  the  presence  of  albninia  mnj  *^ 
Pnadilj  discovered,  and  its  identification  efiecled  ;  n  very  feebly-allialine  l>q 
I  If  containing  albumin,  coagulates  by  hent,  beeomos  turbid  on  the  ndililioi 
[  aitric  acid,  and,  previously  acidulated  b;  noetic  acid,  gives  a  prccipiiau' 
I   lolution  of  corrosive  sublimate.     It  must  be  remembered,  that  a  eonaidel 
1  quantity  of  nlkali,  and  very  minute  ijuantitiea  of  the  mineral  acids,  , 
[  eeagulatiou  by  beat,  and  tbe  addition  of  acetic  acid,  indispensable  to  the 
f  Mry-tcat,  produces  the  same  effect. 

The  chemionl  composition  of  albamin  has  been  onrefally  studied;  it 
b  100  parts  — 

Carbon 63-6 

Hydrogen 7-0 

Nitrogen 16-5 

Oiygen 220 

PhoBphoma 0-4 

Bnlphnr l.S 

1000 
The  ezistenoe  of  nnozidized  sulphur  in  albamin  is  easily  shown ; 
tgs  blackens  a  silver  spoon  from  a  trace  of  alhaline  enlphide  formed  or 
lated  daring  (he  congulnlion ;  and  a  solution  of  albumin  in  excess  of  « 
potasaa,  mixed  with  a  little  ucetate  of  lead,  gives  on  boOing  a  falacb  precij 
late  containing  sulphide  of  lead.     The  eiistence  of  phosphorus  "~  " —  "- 
doubtful, 

FiBBiH.  —  Thia  substance  exists  in  solution  in  tbe  blood.    It  is  proenred ' 
washing  the  coagulitm  of  blood  in  a  clolh  nntil  all  the  soluble  portions 
'    removed,  or  by  agitating  fresh  blood  nitb  a  bundle  of  twigs,  when  the  til 
kttachea  itself  to  tbe  latter,  ajid  is  easily  removed  and  cleansed  by  repel 
washing  with  cold  water.      The  only  impurity  then  remaining  is  a  nnall  qt 
tity  of  fat,  wliicb  can  be  extracted  by  ether.     In  the  fresh  sbite,  fllain  fo . 
long,  white,  clastic  filaments;  it  is  quite  tasteless,  and  insoluble  in  bolb  h 
and  cold  water.     By  long^continned  boiling  it  is  partly  dissolved.    W 
dried  in  uaeuo,  or  at  a  gentle  heat,  it  loses  about  80  per  cent,  of  water, 
becomes  translucent  and  homy  ;  in  this  state  it  closely  resembles  coagnli 
albumin.     Fresh  fibrin,  wotted  with  oonoentrnted   acetic  acid,  farms,  a 
some  lioata,  a  transparent  jelly,  which  slowly  dissolves  in  pure  water; 
into  a  very  dilute  caustic  alkali,  fibrin  dissolves  completely,  and  the  solnil 
exhibits  many  of  the  characters  of  albumin.      Phosphoric  acid  prodncM 
similar  effect.     Boiled  with  strong  hydrochloric  acid  for  scleral  hctirs.  fit 
ing  other  products,  liHcine  (see  page  517)  and  iyruBBt  (see  ; 
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The  fibrin  of  arterial  and  venous  blood  is  not  absolutely  the  same :  when  the 
fei^ous  fibrin  of  human  blood  is  triturated  in  a  mortar  with  1}  times  its  weight 
of  water  and  ^  of  its  weight  of  nitrate  of  potassa,  and  the  mixture  is  left  24 
hours  or  more  at  a  temperature  of  100®  — 120®  (37®-7 — 48®-8C),  it  becomes 
gelatinous,  slimy,  and  eventually  entirely  liquid ;  in  this  condition  it  exhibits 
all  the  properties  of  a  solution  of  albumin  which  has  been  neutralized  by  acetio 
acid.  It  coagulates  by  heat,  it  is  precipitated  by  alcohol,  corrosive  subli- 
mate, &o.,  and  when  largely  diluted  it  deposits  a  flocculent  substance,  not  to 
be  distinguished  from  insoluble  albumin.^  With  arterial  fibrin,  on  the  con- 
trary, no  such  liquefaction  happens,  and  even  the  fibrin  of  venous  blood,  when 
long  exposed  to  the  air,  or  to  oxygen  gas,  loses  the  property  in  question. 

In  the  soluble  state,  fibrin  is  in  a  great  measure  unknown :  when  withdrawn 
from  the  influence  of  life,  it  coagulates  spontaneously  after  a  certain  interval, 
giving  rise  to  the  production  of  the  clot  which  appears  in  blood  left  to  itself, 
and  which  consists  of  a  kind  of  fine  net-work  of  fibrin,  swollen  with  liquid 
eemm^  and  inclosing  the  little  red  colored  globules  of  the  blood,  hereafter  to 
be  dfioribed* 

M.  Mulder  found  dried  fibrin,  carefully  freed  from  fat,  to  be  composed  as 
follows :  — 

Carbon 52-7 

Hydrogen       ••••••••.  6*9 

Nitrogen         .        •        •        • 15*4 

Oxygen 23-5 

Phosphorus    •        •        .        • 0*3 

Sulphur 1*2 

1000 

The  ash,  or  incombustible  portion  of  fibrin,  varying  from  0*7  to  2-5  per 
•ent.,  consists  chiefly  of  phosphate  of  lime. 

FiB&iN  OF  FLBSH.  —  This  was  formerly  considered  to  be  identical  with  the 
fibrin  of  the  blood.  Liebig's  researches  have  proved  the  contrary.  Whether 
it  exists  in  the  body  in  the  coagulated  or  uncoagulated  state  is  doubtful.  The 
rigor  mortis  shows  that  it  probably  is  in  the  latter  state.  Fresh-cut  meat  is 
treated  with  cold  water,  and  the  residue  is  mixed  with  water  containing  j^j^^^ 
hydrochloric  acid ;  a  thickish  solution  is  thus  obtained  which  can  be  filtered. 
l^e  acid  solution  is  neutralized  by  ammonia,  which  causes  a  precipitate ;  this 
is  washed  with  water,  alcohol,  and  ether.  It  is  then  dried.  The  fibrin  thno 
prepared  is  soluble  in  lime-water,  and  the  solution  coagulates  when  boiled 
like  albumin.  Strecker  found  the  following  numbers,  which  correspond  to 
albumin  more  than  to  fibrin  of  the  blood:  — 

Carbon  .        .        .        .        ...        .        .  65*23 

Hydrogen 7-39 

Nitrogen 15*84 

Oxygen  .        .        .        .        .        .        .        .        .  20*33 

Sulphur .  1*21 

Lehmann  has  given  this  substance  the  name  of  syntonin  (from  owTs(vtiv), 

Casbin.  —  This  is  the  characteristic  azotized  component  of  milk,  and  the 
basis  of  the  various  preparations  termed  cheese.  It  probably  exists  in  small 
quantities  in  healthy  blood.  Casein  very  closely  resembles  albumin  in  many 
particulars,  and  may  even  be  occasionally  confounded  with  it.  Like  that 
•nbstanoe,  it  is  insoluble  in  water  when  in  a  state  of  purity,  and  only  assumes 

*  Liebig,  Handwdrterbuch  der  Ghimie.  L  881. 
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the  (Htluble  eontlilioD  in  the  prceence  of  free  alknli,  of  wbicb,  however,  »irrf 
BnaU  quantily  sufBucB  for  Ibe  paipose.  To  prepare  uaoeiD,  fresh  milk  ii 
genti;  tmrmed  with  dilute  solpburio  ncid,  the  congulum  produced  well 
mshod  with  water,  cllsBolTed  id  b  dilute  solution  of  parbonate  of  Boda,  ant 
placed  in  a  warm  ailialiou  to  allow  the  fut  ar  butter  to  spparKle  from  Ibe 
Wftter;  liquid.  The  Intler  ia  then  removed  by  a  eiphon.  aud  re-precipilaled 
by  Buiplmrio  aoid.  The^e  precipitationg  and  re~Bolation»  in  dilute  olIiHli  ar* 
tcTenil  limes  repeated.  Lastly,  (he  insoluble  caeem  is  wfll  wntbed  wilk 
boiiing  water,  and  Irenled  with  ether  to  remoTe  the  last  Iracea  of  fat.  In  tbia 
■talfl  it  is  B,  white  curdy  aubstanee,  not  irensibly  soluble  in  pure  water  or  in 
■Icohol,  hut  diaaoWed  with  great  eaae  by  water  contaiaing  a.  Utile  tnustiii  or 
oarbouated  alkali.  It  is  also  soluble  to  a  oerlain  extent  in  dilute  aeida,  fna 
which  it  may  be  precipitated  by  cnutious  noutraliiation.  The  pr<cipil*tg 
fanned  b;  an  acid  in  »  strong  eolution  of  coaeln  containa  ncid  in  combination. 
which,  bowever,  may  be  entirely  romoied  by  washing.  In  the  tuoisl  atal« 
Aaaein  reddens  litmus-paper,  and  masba  the  reaction  of  an  alkslino  orb^ptte. 
When  inciDerated,  it  leaiea  about  0-3  per  cent  of  iDooDibustiblc  matter. 

A  eolntlon  of  onscin  in  very  dilute  alkali,  as  in  milk.  dooH  not  coagulateoB 
bolting,  On  efaporation  the  surface  becomes  coiered  by  a  skio.  in  eonM- 
qncnce  of  the  action  cf  the  oxygen  of  the  air  on  Die  casein,  and  the  wholl 
eventually  dries  up  to  a  translucent  mass.  Acetic  acid  precipitatea  casda, 
which  is  a  dislinctive  character  between  that  Bubstnnce  and  albumin, 

By  fusion  with  hydrate  of  potassa  casein  yields  valeric  and  butyrio  aeidt, 
besides  other  products. 

The  most  sUiking  property  of  casein  is  its  conguinbility  by  certain  BDimal 
membranes.  This  ia  wdl  seen,  in  the  process  of  cheese-making  in  the  pre- 
parutirin  of  the  curd,  A  piece  of  the  stomach  of  the  onlf,  with  its  mnconi 
membrane,  is  slighlly  washed,  put  Into  a  large  quantity  of  milk,  and  the  whole 
slowly  healed  to  about  122°  (60°C).  In  a  short  time  after  this  lemperslara 
has  been  attained,  the  milk  is  observed  to  sopoj-ale  into  a  solid,  wbilv  coagnlom, 
or  mass  of  card,  and  into  a  yellowish,  translucent  hquid  oalled  tchey.  The 
onrd  containa  all  the  casein  of  the  milk,  much  of  the  fnt,  and  tnuoh  of  tha 
inorganic  matter:  the  whey  retains  the  milk-sugar,  and  Ihe  soluble  salts.  It 
ia  ia?t  possible  that  this  mysterious  change  may  be  really  due  to  the  formft- 
tion  of  a  little  lactic  acid  from  the  milk-sngar,  iindec  the  joint  iufluenoe  of 
alowly-decom posing  membrane  and  (he  elevated  temperature,  and  that  ' 
acid  may  be  auffiaient  in  quantity  to  withdraw  the  alkali  wbicb  holds 
casein  in  solution,  and  thus  ooaaaion  its  precipitation  in  the  insoluble 
The  loss  of  weight  the  membrane  itself  suffera  in  this  operation  is  very  t 
it  has  been  found  not  (o  exceed  ,^gq  parL 

Casein  has  been  carefully  analyied  by  Mulder;  it  contaios  in  100  parts- 
Carbon  53'83 

Hydrogen 7-15 

Nitrogen 16-tj6 

Oxygen  t 

Sulphur/ -''■*' 


of  a 


lOOTO 

When  precipitated  by  acetic  oeid  and  washed  with  alcohol  and  elhw  it 
Dontiiins  about  1  per  cent,  of  sulphur.  When  nol  treated  with  aoid  it  oontwtll 
about  6  per  cent,  of  phosphate  of  lime. 

A  comparison  of  the  composition  of  theae  three  bodies  described  is  very 
remarkable,  as  it  shows  that  they  are  very  closely  related  in  composition. 
The  fibrin  contains  rather  a  larger  quantity  of  oxygen  than  the  albumin,  and 
'n  oontttins  no  phosphorus.     As,  however,  it  ia  very  doubtfol  whelhtr 
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these  substances  have  been  obtained  in  an  unmixed  and  pure  state,  no 
formulea  can  be  given. 

Hjsmatoobystallin. — When  fresh-drawn  blood  is  allowed  to  coagulate,  and 
the  serum  poured  off,  and  the  clot  squeezed  through  a  linen  filter,  and  washed 
with  more  than  an  equal  volume  of  water  through  which  oxygen  gas  is  passed 
for  half  an  hour,  and  afterwards  carbonic  acid  gas  for  five  minutes,  crystals 
of  h»matocrystallin  are  deposited.  These  crystals  treated  with  alcohol^ 
ether,  and  water  gave  in  100  parts  — 

Carbon 55 

Hydrogen 7 

Nitrogen 17 

Sulphur 0*2 

Ash 1*3  chiefly  oxide  of  iron. 

Lehmann  says,  that  four  varieties  of  crystals  occur  in  different  animals, 
prismatic,  tetrahedric,  hexagonal,  and  rhombohedric.  The  crystals  are  dis- 
solved by  caustic  ammonia,  and  precipitated  when  the  ammonia  is  neutralized 
by  acetic  acid.  The  watery  solution  of  the  crystals  gives  a  precipitate  with 
nitric  acid.  Acetic  acid  dissolves  the  crystals  easily,  and  the  yellow  solution 
is  precipitated  in  white  flakes  by  ferrocyanide  of  potassium. 

Protein.  —  Mulder  observed  that  when  albumin,  fibrin,  or  casein  was  dis- 
solved in  a  moderately  strong  solution  of  caustic  alkali,  and  digested  at  140** 
(60^G),  or  thereabouts,  in  an  open  vessel  until  the  liquid  ceased  to  blacken 
with  a  salt  of  lead,  and  then  filtered,  and  mixed  with  a  slight  excess  of  acetic 
acid,  a  copious,  snow-white  flocculent  precipitate  fell,  and  a  faint  odor  of 
sulphuretted  hydrogen  was  evolved.  The  new  substance  he  called  protein.^ 
He  stated  that  it  was  free  from  sulphur  and  phosphorus,  and  that  it  was  by 
the  combination  of  different  quantities  of  these  elements  with  protein,  that 
albumin,  fibrin,  and  casein  were  produced,  the  protein  pre-existing  in  each 
of  these  substances.  It  is,  however,  now  admitted,  that  neither  by  the 
above-mentioned  treatment,  nor  in  any  way,  can  a  substance  free  from  sulphur 
be  obtained,  and  the  protein  must  therefore  be  considered  as  one  of  the  first 
products  of  the  decomposition  of  albumin,  fibrin,  and  casein,  by  moderately- 
strong  caustic  alkali. 

When  albumin,  fibrin,  or  casein  is  boiled  in  a  strong  solution  of  potassa, 
as  long  as  ammoniacal  vapors  are  given  off,  the  liquid  then  neutralized  with 
sulphuric  acid,  evaporated  to  dryness,  and  the  product  exhausted  by  boiling 
alcohol,  three  compounds  are  dissolved  out,  viz.  a  soluble,  brown  extract-like 
substance,  erythroprotide ;  a  soluble  straw-yellow  substance,  protidei  and  a 
curious  crystallizable  principle,  leucine,  which  forms  small  colorless  scales, 
destitute  of  taste  and  odor,  soluble  in  water  and  alcohol,  and  in  concentrated 
sulphuric  acid  without  decomposition.  When  heated,  it  sublimes  unchanged. 
Leucine  contains  C^Hi^NO^,  (see  page  549). 

BiNOxiDE  AND  Teroxidb  OF  Protbin. — Thcsc  names  were  given  by  Mulder 
to  products  of  the  long-continued  action  of  boiling  water  upon  fibrin  in  contact 
with  air ;  they  are  said  to  be  the  chief  ingredients  also  of  the  buffy  coat  of 
blood  in  a  state  of  inflammation,  being  produced  at  the  expense  of  the  fibrin.* 
They  cannot  be  obtained  free  from  sulphur.  BinoTcide  of  protein  is  quite  in- 
soluble in  water,  but  dissolves  in  dilute  acids :  when  dry  it  is  dark  colored 
The  soluble  part  of  the  fibrin-decoction  contains  teroxide  of  protein,  which 
somewhat  resembles,  and  has  been  confounded  with,  gelatin.  It  is  freely 
soluble  in  boiling  water,  and  in  dilute  alkalies.  Coagulated  albumin  is  slowly 
dissolved  by  boiling  water,  and  said  to  be  converted  into  this  substance.    The 

*  So  ealled  from,  vporc^tt,  I  take  tie  first  pUme;  in  allusion  to  its  alleged  important  relations 
to  the  albaminons  principles. 

*  Mulder,  Annalen  der  Chimie  and  PhannMie,  xlviL  323. 
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■olation  in  Eold  water  giiea  a  precipitate  Tilh  nilrio  acid  uliieli  is  redisw^nd' 

DU  the  application  of  beat,  and  repreclpitaled  uLen  coaled. 

Wbeo  chlorine  gnx  is  pnesed  to  sataralioQ  into  a  Bolution  of  onJinarj  albi- 
nin,  or  either  fibrin  or  casein  dieBulved  in  ammonia.  ■  white,  fioccDlentj, 
lliMilubiB  Bnbstance  fails,  which,  when  wnshed  nnd  dried,  becomea  a  KifV 
ycllowiith  powder.  Thie  ie  euppotied  to  be  a  compoand  of  chlarous  iMid  ■ci- 
protein:  when  iligeBted  with  ammoDia,  it  fields  sal-annnoniac  aud  tmui^ 

Albdhihosk.  —  Probably  cloael;  related  to  (if  oot  identies)  irith)  the  «•• 
Mlled  teroxide  of  protein,  is  the  Hubstnnce  called  b;  M.  Mishit  a/iwHMN 
and  b;  M.  Lehmitnn  ptplonr.  Normal  albumin,  in  the  process  of  digestion,  i> 
•onTerted  first  into  modified  albumin,  whioh  M.  Miohle  caJla  Esmirgniui,  tnRf 
Its  inaolubilitf  in  water  and  eolnbilit;  in  acids  and  alkalies,  nitric  acid  grring 
a  precipitate  which  diaeolTcs  on  the  addition  uf  more  &oid.  Thia  fotm  oC 
albumin,   as  digestion    proceeds,   poaseB    int«  a  mhatance  solnble  in 

which  he  calls  slbnminoae.     This  ie  not  preoipilable  bj  iieat  nor  nitrii , 

bot  gives  an  abundant  precipitate  with  salts  uf  lead,  mercnrf,  Bilier,  ii4 
tannic  acid.  It  is  insoluble  in  alcchoL  The  difference  in  the  elem  '  ' 
composition  of  these  substanaes  is  not  determiucd  ;  but  their  reactions 
the  influence  of  heat  and  with  nitric  acid  are  lerj  distinutiie.  AlbnminoHi 
or  a  substance  having  the  same  renotions,  exists  in  healthy  semen,  and  hi# 
been  found  in  very  large  qaon^tf  in  the  urine  of  a  patient  suffering  &«■ 
mollilicB  oBsium.' 

OtoBiti-iM  exists  in  concentrated  solution  in  the  crystalline  lens,  and  in  I 
blood-globales.  The  orystalline  lens  is  triturated  with  water,  and  the  oil 
fluid  obtained  by  filtration  is  evaporated  lo  dryness  at  r22°  (50''C).  Thed 
residue  is  then  powdered  and  treated  with  ether  and  alcohol,  to  separate  &iqi 
matter  nnd  salts.  When  dissolied  in  water  it  is  precipitated  by  strong  alwR 
hoi,  like  albumin ;  it  is  then  no  longer  soluble  in  water,  but  it  is  partly  solubU 
in  dilute  boiling  alcohol.  This  reaction  dislingoiahes  it  Ihim  albumin.  LikVi 
albumin,  it  ia  coagulated  by  heat,  and  has  the  same  reaction  with  a  '  '' 
acids  SJid  salts. 

Moider  boa  analyzed  the  ooagulated  globulin  from  the  crystalline  lens.  Ht 
«ites 

Carbon 54-60 

Hydrogen 6'94 

Nitrogen 16-22 


Sulphur 


100-00 


He  found  only  0-3  per  cent,  sulpbur  and  no  phosphorus.     Others  have  Ibi 
1-134  per  cent,  sulphur. 

Gelatin  and  cHaNDBiN.  —  Animal  membranes,  skin,  tendons,  and  e 
bones,  dissolve  in  water  at  a.  high  temperatnre  more  or  less  completely, 
with  very  different  degrees  of  facility,  giring  solutions  which  on  cooling 
quire  a  soft-solid,  tremulous  consistence.  The  substance  so  prodnoed 
called  gelalin ;  it  does  not  pre-exist  in  the  animal  system,  bnt  is  genera' 
from  the  membl^nnus  tissue  by  the  action  of  hot  water.  The  jelly  of  call 
foet,  and  common  size  and  glne,  are  familiar  examples  of  gelatin  in  differ 
conditions  of  purity.  Isinglass,  the  dried  swimming-bladder  of  the  storga 
dissolves  in  wnlcr  merely  warpi,  and  yields  a  beautifully  pure  gelatin. 
this  state  it  is  white  and  opalescent,  or  translucent,  quite  insipid  and  Ino 
reus,  insoluble  in  oald  water,  but  readily  dissolving  by  a  slight  eleration 
'  Bee  Ptaiwophiial  TnnMctlani,  IMa. 
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temperature.  Cut  into  slices  and  exposed  to  a  current  of  dry  air,  it  shrinks 
prodigiously  in  Yolume,  and  becomes  a  transparent,  glassy,  brittle  mass, 
which  is  soluble  in  warm  water,  but  insoluble  in  alcohol  and  ether.  By  dry 
distillation  a  watery  fluid  is  produced,  containing  much  carbonate  of  ammo- 
nia, and  a  thick  brown  oil,  in  which,  besides  carbonate  of  ammonia,  sulphide 
of  ammonium,  cyanide  of  ammonium,  and  neutral  oily  bodies,  various  basic 
substances  exist,  as  aniline,  picoline,  methylamine,  trimethylamine,  butyla- 
mine,  and  probably  many  others.  In  a  dry  state,  gelatin  may  be  kept  in- 
definitely;  in  contact  with  water,  it  becotiaes  acid,  loses  the  property  of  gela- 
tinizing, and  putrefies.  Long-contitaued  boiling  gradually  alters  it  and  the 
solution  loses  the  power  of  forming  a  jelly  on  cooling.  I  part  of  dry  gelatin 
or  isinglass  dissolved  in  100  parts  of  water  solidified  on  cooling. 

An  aqueous  solution  of  gelatin  is  precipitated  by  alcohol,  which  withdraws 
the  water ;  corrosive  sublimate  in  excess  gives  a  white  flocculent  precipitate, 
and  the  same  happens  with  solution  of  nitrate  of  the  sub-  and  protoxide  of 
mercury;  neither  alum,  acetate,  nor  basic  acetate  of  lead  affect  a  solution  of 
gelatin.  With  tannic  acid  or  infusion  of  galls  gelatin  gives  a  copious, 
whitish  curdy  precipitate,  which  coheres  on  stirring  to  an  elastic  mass,  quite 
insoluble  in  water,  and  incapable  of  putrefaction. 

Tannic  acid  is  the  only  acid  that  gives  a  precipitate  with  a  solution  of  gela- 
tin.    It  does  so  even  when  the  solution  is  exceedingly  dilute. 

Chlorine  pass^  into  a  solution  of  gelatin  occasions  a  dense  white  precipi- 
tate of  chlorite  of  gelatin^  which  envelopes  each  gas-bubble,  and  ultimately 
forms  a  tough,  elastic,  pearly  mass,  somewhat  resembling  fibrin.  Boiling 
with  strong  alkalies  convel^s  gdlatin,  with  evolution  of  ammonia,  into  leucine, 
and  a  sweet  crystallizable  principle,  gelatin-sugar  or  glyeocoU,  or  better,  glyeo^ 
one,  containing  G4H,N04.  This  remarkable  substance  was  first  formed  by 
the  action  of  cold  concentrated  sulphuric  acid  upon  geliatin,  and  has  lately 
been  obtained  by  the  action  of  acids  upon  hippuric  acid,  which  is  thereby 
resolved  into  benzoic  acid  and  glycocine  (see  page  440).'  It  forms  colorless 
crystals,  freely  soluble  in  water,  and  unites  to  crystallizable  compounds  with 
a  groat  number  of  bodies,  acids,  bases,  and  salts.  Glycocine,  when  treated 
with  nitrous  acid,  yields  an  acid  homologous  to  lactic  acid  (see  page  368),  to 
which  the  name  of  glycolic  acid  has  been  given. 

C4H5NO4  +  NO,  =  C4H4O,  +  2N  -t-  HO 

Glycocine.  Glycolic  acid. 

This  substance,  which  is  but  imperfectly  studied,  appears  to  be  present  like- 
wise in  the  mother-liquor  from  which  the  fulminate  of  silver  has  been  de- 
posited. There  exists  a  remarkable  relation  between  glycocine,  alanine,  and 
leucine,  two  substances  which  have  been  previously  described  (pages  508  and 
547).  These  three  bodies  are  homologous,  as  will  be  seen  from  the  following 
formoiSB :  — 

Glycocine    .  .  ....    C4H5NO4 

Alanine C.H.NO. 

Leucine C|2H,sN04 

The  deportment  of  these  three  substances  with  nitrous  acid  ii^erfectly  alike. 
Leucine,  according  to  M.  Strecker,  yields  a  new  acid,  Ci^H^Oe,  homologous 
to  glycolic  and  lactic  acids,  which  has  not  yet  been  perfectly  examined. 

When  a  dilute  solution  of  gelatin  is  distilled  with  a  mixture  of  bichromate 
of  potassa  and  sulphuric  acid,  it  yields  a  number  of  extraordinary  products, 
as  acetic,  valeric,  benzoic,  and  hydrocyanic  acids,  and  two  volatile  oily  prin- 
ciples termed  valeronitrile  and  valeracetonitrile.     The  former  is  a  thin  colorleM 


660  COMPONENTS    OF    TUE    AMMAL    BODT. 

liquid,  of  ftromnlio  odor,  like  that  of  hydride  of  anlicyli  it  \a  liglitertk  _ 
water,  boils  nt  257°  (I25<'C)  and  conlninB  C[gli,N.  Tbe  Intler  mnoh  reMmUM 
Ihe  Brst,  but  boils  nt  1G8°  (70°C).  and  oontaias  C^H^Ngn,.  Alknlies  cnDTdl 
I  laleronitrile  inla  lalerio  aoid  and  trnmoDia,  and  VHlemcetniiilrilo  into  tnlu^ 
ind  aceCio  acidB  and  ammonia.  It  ia  yny  probable  tbat  tha  latter  compcul 
bl  a  miiture  of  acelonitrile  and  Tnleronitrile, 
Dry  gelatin,  Buljeated  to  analjaiB,  has  been  found  to  contain  in  100  paiUl-? 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 


looa 


From  tliese  nambeFa  the  doulitful  formuin  C|,H„N,0^  and  CgaG^,^a 
baie  been  deduced.     From  0'12  to  0-14  per  cent,  of  auljihur  has  Iraea  Ibaaj 


o  be  present. 

The  cartilage  of  tbe  riliB  atid  joints  yields  n  gelatin  differing  in  some  n^ 
■peoU  from  t)ie  preceding;  it  ia  called,  by  way  of  distinction,  cAonifrm.    Itil 

leas  SOlublf  ■  -  '    ■■■  -      -  ..,-....  J ....... 

by  acetic  s      , 

email  quantities  precipitate  dioDdrin.  but  tbe  Blightest  eicess  redissolTes 
precipitate.  Acetate  uf  lead  and  eoiution  of  aluiu  also  precipitate  this  I 
■tanoe.     These  reactions  distinguish  chondrin  from  gelatin.     Seherer  gina , 


Carbon 
Hydrogen 

Nitrogen 
Oxygen. 


I 


To  chondrin  the  doubtful  fonnulio  C^E^fi^^  and  CaH„N,On  have  bet 

If  a  flolntion  of  gelatin,  albumin,  fibrin,  casein,  or  probably  any  one  of  tl 
more  camplei  aiotized  animal  principles,  be  mixed  with  solution  of  sulphal 
of  copper,  and  then  a  large  eicess  of  caustic  potassa  added,  the  greenish  po, 
eipitate  first  fornu^d  ie  redisaoliod,  and  the  liquid  aequiroH  a  purple  tint  n 
indeBcribable  magnificence  and  great  intensity. 

Qelatin  ia  largely  employed  as  an  article  of  food,  as  in  soups,  &o. ;  bat  i| 
Taluo  in  this  respect  has  been  perhaps  overrated.  In  the  luernl  arts  sixe  M 
glue  are  consumed  in  (treat  quantities.  These  are  prepared  from  the  elippin 
of  hides,  and  other  similar  matters,  enclosed  in  a  net,  ami  boiled  with  wr 
in  a  large  cauldroa.  The  strained  solution  gelatiniies  on  cooling,  and  eoi 
tules  tile.  Glue  is  the  Bomo  Bubstance  in  a  state  of  desiccation,  the  siie  bt£ 
out  into  slices  and  placed  upon  nettings  freely  expoiwd  to  a  curteut  of  « 
Gelatin  is  extracted  from  bones  with  much  greater  difficulty  :  the  best  method 
of  proceeding  ia  said  to  be  to  enclose  the  bones,  previously  crushed  in  strong 
metallic  cylinders,  and  admit  high- pressure  steam,  which  attacks  and  disaelvet 
the  animal  matter  much  more  easily  than  boiling  water;  or,  to  ste*p  the  bonei 
in  dilate  hydrochloric  acid,  thereby  removing  the  earthy  phosphate,  and  "'  " 
disBolre  the  soft  and  flexible  residue  by  boiling. 

There  is  an  important  economical  application  of  gelatin,  or  rather  of 
msterial  which  produces  it,  which  dosorres  notice,  viz..  to  the  clarifying 
~'     IB  and  beer  from  tlie  finely-divided  and  suspended  matter  which  oflen 
•hose  liquors  inaddy  and  nnsighlly.     When  isinglass  is  digested  ii 
lid  acetic  acid,  as  sour  wine  or  beer,  it  softens,  swells,  and  as 
*  of  a  very  light  transparent  jelly,  which,  although  quite  insoli 
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m  the  cold,  may  be  readily  mixed  with  a  large  quantity  of  watery  liquid. 
Such  a  preparation,  technically  called /mn^«,  is  Bometimes  used  by  brewers 
and  wine-merchants  for  the  purpose  before  mentioned  :  its  action  on  the  liquor 
with  which  it  is  mixed  seems  to  be  purely  mechanical,  the  gelatinous  matter 
slowly  subsiding  to  the  bottom  of  the  cask,  and  carrying  with  it  the  insoluble 
aubstance  to  which  the  turbidity  was  due. 

Kbeatin  and  kbeatinine.  —  Kreatin  was  first  observed  by  Chevreul,  and 
has  been  lately  studied  very  carefully  by  Professor  Liebig,  who  obtained  it 
from  the  soup  of  boiled  meat.  It  is  best  prepared  from  the  juice  of  raw  flesh 
by  the  following  process: — A  large  quantity  of  lean  flesh  is  cut  up  into  shreds, 
exhausted  by  successive  portions  of  cold  water,  strained  and  pressed.  The 
liquid,  which  has  an  acid  reaction,  is  heated  to  coagulate  albumin  and  color- 
ing matter  of  blood,  and  p^sed  through  a  cloth.  It  is  then  mixed  with  pure 
baryta- water  as  long  as  a  precipitate  appears,  filtered  from  the  deposit  of 
phosphates,  and  evaporated  in  a  water-bath  to  a  syrupy  state.  After  stand- 
ing some  days  in  a  warm  situation,  the  kreatin  is  gradually  deposited  in  crys- 
tals, which  are  easily  purified  by  re-solution  in  water  and  digestion  with  a 
little  animal  charcoal. 

When  pure,  kreatin  forms  colorless,  brilliant,  prismatic  crystals,  which 
become  dull  by  loss  of  water  at  212*'  (lOO'^C).  They  dissolve  readily  in  boil- 
ing water,  sparingly  in  cold,  and  are  but  little  soluble  in  alcohol.  The  aqueous 
solution  has  a  weak  bitter  taste,  followed  by  a  somewhat  acrid  sensation.  In 
an  impure  state  the  solution  readily  putrefies.  Kreatin  is  a  neutral  body,  not 
combining  either  with  acids  or  alkalies.  In  the  crystallized  state  it  contains 
C,H,N,04,2HO. 

By  the  action  of  strong  acids,  kreatin  is  converted  into  krtatinine^  a  power- 
ful organic  base,  with  separation  of  the  elements  of  water.  The  new  sub- 
stance forms  colorless  prismatic  crystals,  and  is  much  more  soluble  in  water 
than  kreatin:  it  has  a  strong  alkaline  reaction,  forms  with  acids  crystallizable 
salts,  and  contains  CgH^N^Og. 

Kreatinine  pre-exists  to  a  small  extent  in  the  juice  of  flesh,  together  with 
lactic  acid  and  other  bodies  yet  imperfectly  examined.  It  is  also  found  in 
conjunction  with  kreatin  in  urine. 

When  kreatin  is  long  boiled  with  solution  of  caustic  baryta,  it  is  gradually 
resolved  into  urea,  subsequently  decomposed  into  c&rbonic  acid  and  ammonia, 
and  a  new  organic  body  of  basic  properties,  sarcosine.  The  latter,  when  pure, 
forms  colorless  transparent  plates,  extremely  soluble  in  water,  sparingly  solu- 
ble in  alcohol,  and  insoluble  in  ether.  When  gently  heated  they  melt  and 
sublime  without  residue.  Sarcosine  forms  with  sulphuric  acid  a  crystalliza- 
ble salt,  and  contains  C0HyNO4,  being  isomeric  with  lactamide,  alanine,  and 
orethane. 

The  mother-liquid  from  flesh  from  which  the  kreatin  has  been  deposited 
contains,  among  other  things,  a  new  acid,  the  inosiniCf  the  aqueous  solution 
of  which  refuses  to  crystallize.  It  has  a  strong  acid  reaction,  and  is  precipi- 
tated' in  a  white  amorphous  condition  by  alcohol.  It  probably  contains 
Cj^H^NgOiQjHO.*  Recently,  moreover,  a  kind  of  sugar,  which,  however,  does 
not  ferment,  has  been  found  in  the  juice  from  the  muscular  structure  of  the 
heart.  It  Was  discovered  by  Scherer,  who  calls  it  inositef  and  gives  the  com- 
position Cg|FIg40g|  -{■'  4H0.  This  substance  crystallizes  in  rectangular  pris- 
matic crystals.     (See  also  page  855). 

Composition  of  the  blood.  —  The  blood  is  the  general  circulating  fluid  of 
the  animal  body,  the  source  of  all  nutriment  and  growth,  and  the  general 
material  from  which  all  the  secretions,  however  much  they  may  differ  in  pro- 
perties and  composition,  are  derived.  Food  or  nourishment  from  without  can 
only  be  made  available  by  being  first  converted  into  blood.     It  serves  also  the 

'  Llebig,  Chemistry  of  Food. 
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tcftTCelj  lex  impoTtiuit  office  of  remoTiog  and  carryiog  off  priudples  from  Ikl 
bod;  which  tire  harlful,  or  no  lnoger  required. 

Id  iU  vertebrnled  animals  tbe  btood  has  a  red  color,  and  probably  in 
CaBoB  a  temperature  abave  that  of  tJie  medium  in  ahieh  the  creature  li< 
In  the  mammalia  this  is  tbt;  appiLrenl.  aod  in  the  birds  bIiII  more  so.  ' 
beat  of  the  blood  is  direutly  eoDDeoted  with  Ihr  degree  of  aotiritj  of  Ibf 
roBpimtory  process.  In  man  the  temperature  of  tbe  blood  seldom  rariei 
amch  from  98°  (36°-6C},  when  in  a  stale  of  htallb.  even  under  great  ridn}^ 

►  todes  of  climate:  in  birds  it  is  sometimes  as  nigh  as  109°  (42°-8C).  Ta  that 
'  Iwo  highest  olasxes  of  the  animal  kingdom,  the  manunifers  and  tbe  birds,  tW 
observations  About  to  be  made  are  intt'nded  especiaUj  to  apply. 
In  evecj  creature  of  Ibis  description  two  kiods  of  blood  are  met  with,  wluol 
aStnT  wry  oonsiderably  id  their  appearance,  vii.,  that  contained  ia  Ibt  Iffi 
aide  of  the  heart  nod  in  the  arteries  generally,  and  that  contained  in  tbe  r^  " 
tide  of  the  heart  and  iu  the  reias  ;  the  former,  or  arlerial  blood,  has  a  brig 
red  color,  the  latter,  the  boiotii  blood,  is  blackish-pnrple.  Further,  tbewt- 
teraionorthedark  into  tbe  florid  blond  maybe  traced  to  what  takes  place  dm' 

^its  exposure  to  the  air  in  the  lungs,  and  the  opposite  chaDge,  lo  what  la 
place  in  tbe  capillaries  of  the  general  vascalar  ajstem,  or  tbe  minute  Inbei. .. 
passages,  distributed  in  countless  numbers  throughout  the  whole  body,  whia 
eonnect  the  extremities  of  the  arteries  and  veins.  When  compared  logelh^ 
little  difference  of  properties  or  composition  can  be  found  in  the  t  """ 
of  blood:  the  fibrin  varies  a  httle,  that  from  venons  blood,  bving.  a 
mentioiied,  soluble  iu  a  solution  of  nitrate  of  potassa,  which  is  not 
with  arterial  fibrin.  It  in  Terj  prone,  besides,  to  absorb  oiygen,  and  to  W 
some,  in  all  probability,  paiily  clianged  to  tbe  biiioxide  of  protein,  wbieli  n 
_  doubt  eiiata  in  the  fibrin  of  arterial  blood.  The  only  other  notable  pinnttf; 
4iBerence  is  in  the  gaseoos  matter  tbe  blood  holds  in  the'  solution,  aA>™^ 
I  fteid  prodominatiiig  in  tbe  venous,  and  free  oxygen  in  the  arterial  variety. 
,  In  i(a  ordinary  stale  the  blood  hn.<i  a  elimy  feal,  a  density  Tarying  tr'' 
\  J-043  to  1-057,  and  a  decidedly  alkaline  reaction,  partly  from  soda  ci  ' " 
[  (rith  albumin,  and  partly  from  carbonate  and  phosphate  of  soda; 
I  ■aline  aod  disagreeable  tosle.  and,  when  quite  recent,  a  peanliar  odor  1 
'  UHlH,  which  almost  immediately  disappears.  An  odor  may.  however,  att 
arda  be  developed  by  an  addition  of  sulphuric  acid,  which  is  by  some  n 
(idered  chnraoteriBtic  of  the  animal  from  which  the  blood  was  obtained. 
I  The  oongulation  of  blood  in  repose  lias  been  already  noticed,  and  its  eai 
traced  to  the  spootaneous  solidification  of  the  fibrinr  the  effect  labeatM 
Wben  the  blood  is  received  into  a  shallow  vessel,  and  left  lo  itselfaome  6l 
)4o  uvolnlion  of  gas  or  absorption  of  oxygen  takes  pince  in  this  process. 

strong  agitation   congulHtion    may  be   prevcnW 
"'  the  fibrin  in  this  ease  separates  in  cohering  til 

the  naked  eye  the  blood  appears  a  hpmo) 
floid,  but  it  is  not  so  in  reality.  When  i 
amined  by  a  good  microscope,  it  is  seen  to  eoni 
of  a  tninspareat  and  nearly  colorless  liquid, 
which  float  about  a  countless  mullilude  Df  lit 
round  red  bodies  to  which  the  color  is  due;  tin 
are  the  bttiod-diitE  or  blood- corputclft  of  mlerosoi^ 
observers.  They  are  accompanied  by  oolorleM  | 
bulos.  fewer  and  larger,  the  Khilt  corpUMClei  o] 
blood. 

The  blood-duci  are  found   to   present  diffen 

appearances  in  the  blood  of  different  animals: 

the  mnnimifers  they  look  like  little  round  red 

yellowish  dii<CB,  thin  when  cutnpnred  with   " 

log  Hattened  or  dc^veaaed  on  ofv°^>''  aides.     In  birds,  li 
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firogs,  and  fish,  tbe  corpuscles  are  elliptical.  To  magnitude,  they  seem  to 
be  pretty  constant  in  all  the  members  of  a  species,  but  differ  with  the  genus 
and  order.  In  man  they  are  very  small,  varying  from  ^^^^  to  ^^jf  of  an 
inch  in  breath,  while  in  the  frog  the  long  diameter  of  the  ellipse  measures 
at  least  four  times  as  much.  The  corpuscles  consist  of  an  envelope  con- 
taining a  fluid  in  which  the  red  coloring-matter  of  the  blood  is  dissolved. 

The  coagulation  of  blood  effects  a  kind  of  natural  proximate  analysis :  the 
clear,  pale  serum,  or  fluid  part,  is  an  alkaline  solution  of  albumin,  containing 
various  soluble  salts ;  the  clot  is  a  mechanical  mixture  of  fibrin  and  blood 
globules,  swollen  and  distended  with  serum,  of  which  it  absorbs  a  large  but 
variable  quantity. 

When  the  coagulum  of  blood  is  placed  upon  bibulous  paper,  and  drained  as 
much  as  possible  from  the  fluid  portion,  and  then  put  into  water,  the  enve- 
lope, which  consists  of  globulin,  dissolves  and  sets  free  the  coloring  matter, 
forming  a  magnificent  crimson  solution,  which  has  many  of  the  characters  of 
a  dye-stuff.  It  contains  albumin  and  globulin,  and  coagulates  by  heat  and 
by  the  addition,  of  alcohol;  this  albumin  and  globulin  cannot  be  separated, 
and  attempts  to  isolate  the  hematosin  or  red  pigment,  have  consequently 
failed.  From  its  extreme  susceptibility  of  change,  it  is  not  known  in  a  state 
of  purity.  The  above  watery  solution,  exposed  with  extensive  surface  in  a 
warm  place,  dries  up  to  /a  dark-red,  brittle  mass,  which  is  again  soluble  in 
water.  After  coagulation  it  becomes  quite  insoluble,  but  dissolves,  like  albu- 
min, in  caustic  alkalies.  Carbonic  and  sulphurous  acids  blacken  the  red  solu- 
tion :  oxygen,  or  atmospheric  air,  heightens  it-s  color ;  protoxide  of  nitrogen 
renders  it  purple;  while  sulphuretted  hydrogen,  or  an  alkaline  sulphide, 
changes  it  to  a  dirty  greenish-black. 

Hematosin  differs  from  the  other  animal  principles  in  containing  as  an 
essential  ingredient  a  remarkable  quantity  of  the  oxide  of  the  metal  iron.  If 
a  little  of  the  dried  clot  of  blood  be  calcined  in  a  crucible,  and  digested  with 
dilute  hydrochloric  acid,  a  solution  will  be  obtained  rich  in  oxide  of  iron ; 
or  if  the  solution  of  coloring  matter  just  referred  to  be  treated  with  excess  of 
chlorine  gas,  the  yellow  liquid  separated  from  the  grayish  coagulum  formed 
will  be  found  to  give,  in  a  striking  manner,  the  well-known  reactions  of  the 
sesquioxide  of  iron.  There  is  little  doubt  either  about  the  condition  of  the 
metal :  sesquioxide  of  iron  is  withdrawn  from  the  dry  clot  by  the  cautious 
addition  of  sulphuric  acid,  and  without  much  alteration  of  the  color  of  the 
mass.i  It  is  well  known  that  certain  organic  matters,  as  sugar  and  tartario 
acid,  prevent  the  precipitation  of  sesquioxide  of  iron  by  alkalies,  and  its  re- 
cognition by  ferrocyanide  of  potassium,  and  it  is  very  likely  that  the  blood 
may  contain  a  substance  or  substances  capable  of  doing  the  same. 

Hematosin,  necessarily  in  a  modified  state,  contains,  according  to  Mulder, 
in  100  parts :  — 

Carbon 65*8 

Hydrogen 6*4 

Nitrogen 10-4 

Oxygen  .        . 11 9 

Iron      . .7*0 

1000 

The  following  table  represents  the  composition  of  healthy  human  blood  M 
a  whole ;  it  is  on  the  authority  of  M.  Lecanu :  — ' 

*  Llebig,  Hanaw^rterbuch,  i.  885.  *  Ann.  Chin,  et  de  Phys.  zlviiL  890. 
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780-15 
210 


785-68 
S-57 
69-41 


Albumin 

Coloring  in&ttcr     . 
CiTStslliiablB  fat   . 
Fluid  tkt 
ExtrsotlTe  matter  of  ai 

We  in  both  wslBT  and  alcohol      .     '.       }         **'"        ''" 
Albomin  in  conibi nation  with  rada  .         .         .  1  '2S         2'01 

Chlonitei  of  Bodium  and  potassiam  ;  carbo-  ) 

nates,  phosphntes,  and  sulphaiea  of  po-  |-         8-37        7-30 

tassa  and  Boda } 

Carbonates   of  Ume  and  mngineaia;   phoa- ) 

phntee  of  lime,  magnesia,  and  iron:  sea-  V         2'10        1-42 

quioiide  of  iron          .         .         ,         ,      J 
LoBB 2-10        2-59 

1 000-00  1000-00 

In  health;  individuals  of  different  bbicb  these  proportiana  are  found  I 
*ary:  the  fibrin  and  coloring  matter  are  nsualijmoreabiindanlin  the  maleUv 
Id  the  female;  in  diBeaaea,  Tariatlona  of  a  far  wider  eiteal  are  often  appBTH 

It  appears  aingalar  that  the  red  corpuselea.  which  are  bo  enail;  diraoVred  I 
water,  ehonld  remain  uninjured  in  the  fluid  portion  of  the  blood.  ThJa  and 
parti;  due  to  the  presence  of  aaline  matter,  and  partly  to  that  of  albntnin.  d 
oorpueoles  being  alike  insoluble  tn  a  strong  solution  of  anlt  and  in  a  high) 
■IbaminDua  liquid.  In  (be  blood  the  limit  of  dilution  within  which  the  M 
puBolea  retain  their  integritj  appears  to  be  nearly  reached,  for  when  water 
added  the;  immediately  become  attacked. 


Nkbtods  auBBTAHCB, — The  brain  and  nervea  contain  from  7  to  9  per  e< 
of  an  albuminous  substance,  also  several  remurliable  fatly  principlea,  con 
tuting  from  5  to  14  per  cent.,  capable  of  being  extracted  by  nloobol  and  ethd 
some  of  which  are  yet  very  imperfectly  known,  and  from  75  to  6U  p^  M 
of  water.  According  to  Frjmy,  if  the  Derrong  aubstance  be  bailed  w 
alcohol,  elain.  cholesterin,  oleio  and  margario  acide  are  eitraoted,  partly  m 
bined  with  soda,  potassa,  or  lime ;  if  then  the  residue  be  treated  with  boiUl 
ether,  oholesterin,  oerebric  acid,  and  oleo-phosp boric  acid  are  dissollt 
These  aoids  are  also  in  combinaUon  with  soila  and  lime.  The  first  ii 
white,  and  crystalline,  solnble  without  difficulty  in  boiling  alcohol  and 
and  forming  with  hot  water  a  soft  gelatinous  mass.  It  melts  when  heatli 
and  deoomposea  atmoet  immediately  afterwards,  exhaling  a  peculiar  odor.  *^ 
leairlng  a  quantity  of  chsrcoal  which  contains  free  phosphoric  acid,  and  ia,l 
.  consequence,  very  difficult  lo  bum.  It  combines  with  the  alkalies,  but  (b 
Insoluble  compounds.     Cerebric  aoid  contains  in  100  parts ; — 

Carbon    ...                    66'7 

Hydrogen       ,        ,                 10-6 

Nitrogen                  2-S 

Oxygen  ...                 19-5 

Phoupborua     .         .                 0-9 

1001) 
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Gerebrio  acid  has  been  found  in  the  yolk  of  eggs,  in  seminal  fluid,  in  the 
spleen,  in  pus,  and  in  other  products  of  disease. 

The  oleo-phosphoric  acid  has  been  even  lestf  perfectly  studied  than  the  pre- 
ceding substance.  It  is  of  soft  oily  consistence,  soluble  in  hot  alcohol  and 
ether,  and  saponifiable.  When  boiled  with  water,  it  is  resolved  into  a  fluid 
neutral  oil,  called  eerebroUin,  and  phosphoric  acid,  which  dissolves.  Fr^my 
gives  about  2  per  cent,  of  phosphoric  acid. 

The  oily  matter  of  the  brain  is  sufficient  in  quantity  to  form  with  the  albu- 
minous portion  a  kind  of  emulsion,  which,  when  beaten  up,  remains  long 
suspended  in  water. 

Elastic  tissue  ;  skin.  —  The  skin  and  tendons  contain  a  substance  which 
resists  the  action  of  boiling  water  even  for  60  hours.  It  is  insoluble  in  cold 
concentrated  acetic  acid,  and  in  tolerably  concentrated  caustic  potassa.  By 
long-continued  boiling  in  acetic  acid  it  is  gradually  dissolved ;  it  is  more  easily 
80  in  hydrochloric  acid.  Tilanus  found  in  the  ligamentum  nuchse,  carbon 
65-76,  hydrogen  7-41,  nitrogen  17-74* 

The  principle  of  tanning,  of  such  great  practical  value,  is  easily  explained. 
When  the  sidn  of  an  animal,  carefully  deprived  of  hair,  fat,  and  other  im- 
purities, is  immersed  in  a  dilute  solution  of  tannic  acid,  the  cellular  and  elastic 
tissues  gradually  combine  with  that  substance  as  it  penetrates  inwards,  forming 
a  perfectly  insoluble  compound,  .which  resists  putrefaction  completely :  this  is 
leather.  In  practice,  lime-water  is  used  for  cleansing  and  preparing  the- skin, 
and  an  infusion  of  oak-bark  or  sometimes  catechu,  or  other  astringent  matter, 
for  the  source  of  tannic  acid.  The  process  itself  is  necessarily  a  slow  one,  as 
dilute  solutions  only  can  be  safely  used.  Of  late  years,  however,  variousi 
oontrivanoes,  some  of  which  show  great  ingenuity,  huve  been  adopted,  with 
more  or  less  success,  for  quickening  the  operation.  All  leather  is  not  tanned: 
glove  leather  is  dressed  with  alum  and  common  salt,  and  afterwards  treated 
with  a  preparation  of  the  yolk  of  eggs,  which  contain  an  albuminous  matter 
and  a  yellow  oil.  Leather  of  this  kind  still  yiilds  a  size  by  the  action  of  boiling 
water. 

Horny  substance  ;  keratin. — This  is  chiefly  found  in  hair,  nails,  feathers, 
and  epithelium.  It  is  obtained  by  finely  dividing  their  substances,  treating 
them  with  warm  water,  and  afterwards  with  boiling  alcohol  and  ether :  the 
horn  substance  is  then  very  soluble  in  caustic  potash,  and  precipitable  by 
acids.  By  long-continued  boiling  with  water  it  is  decomposed.  It  putrefiei 
with  difficulty. 

Sherer  found  — 

^"f  the  foot**     ^'^-  Ox-bom.  Nails.  Feathers.         QuUL 

Carbon.     .     .     60-20  50-87  6113  6015  6210  6200 

Hydrogen  .     .       6-78  6-66  6-71  6-82  711  7-21 

Nitrogen    .     .     17-22  17-94  17-28  16-90  17-68  17-89 

Sufhw}-     -25-80  2603  24-88  2613  2311  22-90 

Bones. — At  the  age  of  21  years  the  weight  of  the  skeleton  is  to  that  of  the 
whole  body  as  10-6  to  100  in  man,  and  as  8-6  to  100  in  woman,  the  weight  of 
the  body  being  about  126  or  130  lbs.  Bones  are  constructed  of  a  dense  cellu- 
lar tissue  of  membranous  matter,  made  stiff  and  rigid  by  insoluble  earthy 
salts,  of  which  phosphate  of  lime  (8CaO,P05)  is  the  most  abundant.  The 
proportions  of  earthy  and  animal  matter  vary  very  much  with  the  kind  of 
bone  and  with  the  age  of  the  individual,  as  will  be  seen  in  the  following 
table,  in  which  the  corresponding  bones  of  an  adult  and  of  a  still-bom  child 
are  compared :  — 
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BONES. 

ASDLT. 

norganio 
mattor. 

Organic 
matter. 

62-49 
6302 
60-51 
63-50 
57-49 

87-51 
86-98 
89-49 
80-50 
42-51 

Cans. 


Inorganio 

Orgaoio 

matter. 

matter. 

57-51 

42-49 

5808 

41-92 

56-50 

43-50 

55-90 

44-10 

58-75 

46*25 

Femur 

Hnmems   . 

Radius 

Os  temporam 

CosU 

The  bones  of  the  adult  being  constantly  richer  in  earthy  salts  than  those  of 
the  infant. 

The  following  complete  comparatiye  analysis  of  human  and  ox  bones  is  dofl 
to  Benelius :  — 


Human  boiras. 
Animal  matter  soluble  by  boiling    /        .        .     82*17 1 

Vascular  substance 1*13/ 

Phosphate  of  lime,  with  a  little  fluoride  of  \       eo  aa 

calcium /•     *^*"* 

Carbonate  of  Hme 11*30 

Phosphate  of  magnesia 1-16 

Soda,  and  a  little  common  salt       .        .        .1-20 


100*00 


Oxlwnflfc 

88-ao 

57-35 

8-85 
2-05 
8-45 

10000 


The  teeth  have  a  very  similar  composition,  but  contain  less  animal  matter: 
their  texture  is  much  more  solid  and  compact.  The  enamel  does  not  contaia 
more  than  2  or  8  per  cent,  of  animal  matter,  whilst  81  to  88  per  cent  of  phot* 
l^iate  of  lime,  with  7  or  8  per  cent,  of  carbonate  of  lime,  are  preient 
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'AND  SECRETIONS. —ON  RESPIRATION. 


nD  bt3  taken  of  ft  respirator;  organ  ii 
is  that  dFil  little  membrftnoDB  bag,  sntnratecl  irith  m 

be  eurfiLce  Dfvhiah  meanawt  «  miante  blaod-Teesel, 

1,  during  the  pitseags,  are  thas  aalgectcd  to  the  chemical  aotion 

ingh  the  Bubstance  cf  the  membt^es,  and  in  Tirtue  of  th«  sala- 

e  gaseous  matter  itself  in  the  waterwith  irhioh  the  membraneti  are 

In  samQ  of  the  lower  classes  of  animals,  irhere  rsEpiratioD  is  slug- 

, Te,  Uinse  airnjellB  are  few  and  large ;  bnt  in  the  higher  kinds 

bey  are  tnlnnte,  and  greati;  mnlliplied  in  number  in  order  to  gun  extent 
if  sorfkee,  eaeh  oommonicatlDg  with  (he  external  ^r  hj  (he  windpipe  and  its 


Beiinratioii  Is  performed  b;  the  agency  of  the  mnsoles  whieh  lie  between 
tnd  abont  the  ribs,  and  by  the  diaphntgm.  In  an  ordinary  expiration  from 
Et  to  48  enbio  inches  of  air  are  thrown  oat.  It  has  been  said  tlut  as  little  •• 
I  and  as  maoh  as  100  oabio  Inohee  have  been  expired.  By  a  foraed  effort 
irdlnarily  from  50  to  60  oabio  inches  are  expellejl,  and  after  a  full  inspiration 
(Msaibly  fh>m  100  to  300  cnbio  inches  may  be  expired.  Even  then  the  lungs 
ue  not  emptied  of  air.  The  residua!  quantity  has  been  estimated  at  from  40 
to  260^ubio  inches.  After  an  ordinary  expiration  a  fnrther  quantity  of  air, 
unonnting  to  from  77  to  170  oubio  inches,  may  he  expired,  and  afler  an  ordi- 
nary inspiration,  by  the  deepest  sigh,  from  119  to  200  more  cubic  inches  may 
be  drawn  into  the  langs.  Usaatly  about  16  respirations  are  made  in  a  minQtej 
the  nnmber,  however,  eien  in  health  varies  from  0  to  20. 

The  expired  air  ia  fonnd  to  have  undergone  a  remarkable  change ;  it  ii 
loaded  with  aqueous  vapor,  while  a  lerj  targe  proportion  of  oxygen  lias  dia- 
appeared,  and  ita  place  been  supplied  by  carboaic  acid ;  ur  once  breathed 
eontaining  enongh  of  that  gas  to  eitingnish  a  taper.  The  quantity  of  thia 
gas  is  very  liable  to  variation,  usually  from  8  3  to  G'2  per  cent,  of  oarbonio 
Mid  is  found  to  be  present;  when  the  respirations  are  few,  the  carbonio  aoid 
w  greatest,  when  many,  least:  thus  with  6  respirations  per  minnte,  6'6  per 
eant.  has  been  found;  with  46  respiratiouB,  2-9  per  cent.  A  fuU  meal,  cold 
weather,  uid  increased  barometric  pressore  increase  the  carbonio  acid.  Heat, 
■leohol,  tea,  and  diminished  pressure,  lessen  the  carbonic  aoid :  age  and  sex 
produce  definite  effects.  It  appears  meet  probable  that  nitrogen  in  small 
quantities  is  exhaled. 

Whatever  may  be  the  difficulties  attending  the  investigation  of  these  snb- 
Jects  —  and  difficulties  there  are,  as  the  discrepant  resalts  of  the  experiments 
pTore,  —  one  thing  is  alear ;  namely,  that  quantities  cf  hydrogen  and  oarbon 
are  daily  oiidiied  in  the  body  by  the  tne  oxygen  of  the  atmosphere,  and  their 
pTodncts  expelled  IVom  the  system  in  the  shape  of  water  and  carbonic  aoid. 
Now,  if  it  be  tme  that  the  heat  developed  in  the  act  of  combmatioii  is  a  eon- 
■tant  quanti^,  and  no  proposition  appears  more  reasonable,  the  high  tempera- 
ture of  the  body  may  be  the  simple  reealt  of  this  exertion  of  cbemiotl  force. 
Tb»  oxidation  of  combustible  matter  in  the  blood  ii  effsoted  in  Uie  o^illl^ 


I 

■ 
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rica  of  the  irhole  bod;,  not  in  the  Inngs,  the  temperature  of  which  doeE  tot 
iiceed  that  of  the  uther  pnrla.     The  oxygen  of  the  air  U  Inkea  up  in  tbt 
lungs,  nnd  aairied  bj  the  blood  to  the  diBlnnt  capillary  vesseia ;  by  the  lid  of 
which.  eecretiDD,  and  all  the  mysteriDoii  fanctioDa  or  animal  life,  are  anddubt- 
edly  prrfonaed ;  here  the  eambuilian  takes  place,  although  how  this  hnppenli 
Bod  »hal  the  exact  nature  of  the  combualible  may  be,  beyond  the  simple  Aut 
of  its  conlaning  carbon  and  hydrogen,  yet  remains  a  mailer  of  conjecloi* 
The  carbouio  acid  produced  is  held  in  solution  b;  the  now  venous  blood,  ind 
probiibly  oonfera,  in  great  measure,  npou  the  latter  its  dark  color  and  delete 
TioQB  action  apon  the  nervouB  Byslera.     Once  more  poured  into  the  heart,  sirf 
by  that  orgnD  driven  into  the  seeond  set  of  capillaries  bathed  with  atmosijicrls 
■ir,  this  carboniD  acid  is  conreyed  outwards,  through  the  wet  membranci  bj* 
kind  oi  falte  difftaion,  constantly  observed  under  such  circumstances;  wliilt 
U  the  same  time  oiygea  is,  by  similar  means,  oftrried  inwards,  and  Iheblod 
leanmes  its  bright-rod  color,  and  its  capability  of  EUpportiiig  life.     Much  at' 
this  oxygen  is,  no  doubt,  simply  dissolved  in  the  serum  l  the  corpuscles,  » 
«ording  to  Professor  Uebig,  act  ua  carriers  of  another  porUon,  in  virtue  of  tlA 
iron  they  ooutain,  that  metal  being  alternately  iu  the  slate  of  sesqaioxide  ul 
of  oarbonate  of  the  protoxide,  —  ef  sesqniozide  in  the  arteries,  and  of  caib^ 
Bate  of  pTOtoiide  in  the  veins,  by  loss  of  oxygen,  and  acquisition  of  oartKnAf 
soid.     M.  Mulder  considers  the  fibrin  to  act  in  the  same  mauner ;  being  tiOf 
fibrin  in  the  veios,  and,  in  part  at  least,  an  oxide  of  protein  in  the  arl 
It  would  be  very  desirable' to  show,  if  possible,  that  the  quantity  of  ■ 
tible  matter  daily  burned  in  the  body  is  adequate  to  the  production  of 
heating  effects  observed.     Something  has  been  done  with  respect  to  the 
bon.     Comparison  of  the  quantities  and  compoaition  of  the  rood  conBumedl 
an  individual  in  a  given  time,  and  of  the  excretions,  shows  an  exceas  of  oarbi 
in  the  former  over  the  latter,  amounting,  in  some  oases,  according  to  Liebii^' 
Iiigh  estimate,'  to  14  ounce?;  the  whole  of  which  is  thrown  off  in  the  slate  (f 
earbonio  acid,  from  the  lungs  and  skin,  in  the  space  of  twenty-four  hamiri 
The  statement  applies  to  the  case  of  healthy,  vigorous  men,  much  employed^ 
the  open  air,  and  supplied  with  abondanco  of  uutritioua  food.     Females,  d^ 
peiflons  of  weaker  habit,  who  follow  in-door  pursuits  in  warm  rooms,  ooneul 
a  much  smaller  quantity ;   their  respiration  is  less  energetic,  and  the  kg 
generated  less  in  amonot.     Those  who  inhabit  very  cold  countries  are  M 
known  to  consume  enonnoua  qonntities  of  food  of  a  fatty  nature,  the  earll 
and  hydrogen  of  which  are,  without  doubt,  chiefly  employed  in  Uie  prodoctt 
of  animal  beat.     These  people  live  by  hunting:  the  muacolar  exertien  \ 
quired  quickens  and  deepens  the  breathing;  while,  from  the  increased  demd 
of  the  air,  a  greater  weight  of  oxygen  is  taken  into  the  lungs,  and  absoA 
into  the  blood  at  each  inspiration.     In  this  manner  the  temperature  of  t 
body  is  kept  up,  notwithstanding  the  piercing  external  cold  ;  a  most  mar* 
lous  adjustment  of  the  nature  of  tbe  food,  and  even  of  the  inolinations  M 
appetite  of  the  man,  to  (he  circumstances  of  his  existence,  enable  him 
bear  with   impunity  an   atmospheric   tcmperatoie  wbioh  wonld  othenrl 
injure  him. 

The  carbon  consumed  in  respiration  in  one  day,  by  a  borse  moderately  h 
amounted,  in  a  valuable  experiment  of  M.  Bousaingault.  to  77  ounces;  & 
oousnmed  by  a  cow  to  70  ounces.  The  determination  was  made  in  I 
manner  juat  mentioned,  viz.,  by  comparing  the  qoanlity  and  oompoalUon 

Ubjhe,  —  The  urine  is  the  great  channel  by  which  the  ozotiied  matter 
those  portions  of  the  body  which  have  been  taken  up  by  the  absorbents  is  M 
vejed  away  and  r^ected  from  the  system  in  the  form  of  urea.  It  serves  A 
to  remove  supetflBOUs  water  and  foreign  soluble  matters  which  gat  introdu 

[D  tile  blood. 
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The  two  most  remarkable  and  oharaoteristic  oonstituents  of  mrine,  urea  and 
uric  acid,  have  already  been  fully  described ;  in  addition  to  these,  it  contains 
solphates,  chlorides,  phosphates  of  lime,  and  magnesia,  alkaline  salts,  and 
certain  yet  imperfectly-known  principles,  including  an  odoriferous  and  a 
coloring  substance  (see  foot-note  to  page  560). 

Healthy  human  urine  is  a  transparent,  light,  amber-colored  liquid,  which, 
while  warm,  emits  a  peculiar,  aromatic,  and  not  disagreeable  odor.  This  is 
lost  on  coolingj  while  the  urine  at  the  same  time  occasionally  becomes  turbid 
from  a  deposition  of  urates,  which  re-dissolve  with  slight  elevation  of  tempera- 
ture. It  is  very  decidedly  acid  to  test-paper:^  this  acidity  has  been  ascribed 
to  acid  phosphate  of  soda,  to  free  uric  acid,  and  to  free  lactic  acid ;  lactic  acid 
can,  however,  hardly  coexist  with  urate  of  ammonia,  and  the  amorphous  buff- 
colored  deposit  obtained  from  fresh  urine  by  spontaneous  evaporation  m  vacuo 
is  not  unc  acid,  but  the  ammonia-salt  of  that  substance,  modified  as  to  crys- 
talline form  by  the  presence  of  minute  quantities  of  chloride  of  sodium.  That 
a  free  acid  is.  sometimes  present  in  the  urine  is  certain :  in  this  case  the  reac- 
tion to  test-paper  is  far  stronger,  and  the  liquid  deposits  on  standing,  little 
red,  hard  crystals  of  uric  acid;  but  this  is  no  longer  a  normal  secretion. 

An  alkaline  condition  of  the  urine  from  fixed  alkali  is  sometimes  met  with. 
Such  alkalinity  can  always  be  induced  by  the  administration  of  neutral 
potassa-  or  soda-salts  of  a  vegetable  acid,  as  tartaric  or  acetic  acid :  the  acid 
of  the  salt  is  burned  in  the  blood  in  the  process  of  respiration,  and  a  portion 
of  the  base  appears  in  the  urine  in  the  state  of  carbonate.  The  urine  is  often 
alkaline  in  cases  of  retention,  from  carbonate  of  ammonia  produced  by  putre- 
taeiion  in  the  bladder  itself;  but  this  is  easily  distinguished  from  alkalinity 
firom  fixed  alkali,  in  which  it  is  secreted  in  that  condition. 

The  density  of  the  urine  varies  from  1-006  to  1-030:  about  1-020  to  1025 
may  be  taken  as  the  average  specific  gravity.  A  high  degree  of  density  in 
urine  may  arise  from  an  unusually  large  proportion  of  urea :  in  such  a  case, 
the  addition  of  nitric  acid  will  occasion  an  almost  immediate  production  of 
crystals  of  nitrate  of  urea,  whereas  with  urine  of  the  usual  degree  of  concen- 
tration at  least  very  many  hours  will  elapse  before  the  nitrate  begins  to  sepa- 
rate. The  quantity  of  urine  passed  depends  as  much  upon  circumstances,  as 
upon  the  activity  of  the  skin.  It  is  usually  more  deficient  in  quantity  and  of 
higher  density  in  summer  than  in  winter.  Perhaps  about  82  ounces  in  the  24 
hoars  may  be  assumed  as  a  mean. 

When  kept  at  a  moderate  temperature,  urine  after  some  days  begins  to 
decompose ;  it  exhales  an  ofifensive  odor,  becomes  alkaline  from  the  produc- 
tion of  carbonate  of  ammonia,  and  turbid  from  the  deposition  of  earthy  phos- 
phates. The  carbonate  of  ammonia  is  due  to  the  putrefactive  decomposition 
of  the  urea,  which  gradually  disappears,  the  ferment^  or  active  agent  of  the 
change,  being  apparently  the  mucus  of  the  bladder,  a  portion  of  which  is 
always  voided  with  the  urine.  It  has  been  found  also  that  the  yellow  adhe- 
sive deposit  from  stale  urine  is  a  most  powerful  ferment  to  the  fresh  secretion. 
In  this  putrefied  state  nrine  is  used  in  several  of  the  arts,  as  in  dyeing :  and 
forms,  perhaps,  the  most  valuable  manure  for  land  known  to  exist. 

Putxid  urine  always  contains  a  considerable  quantity  of  sulphide  of  ammo- 
nium :  this  is  formed  by  the  deoxidation  of  sulphates  by  the  organic  matter. 
The  highly-offensive  odor  and  extreme  pungency  of  the  decomposing  liquid 
may  be  prevented  by  previously  mixing  the  urine,  as  Liebig  suggests,  with 
sulphuric  or  hydrochloric  acid,  in  sufficient  quantity  to  saturate  all  the 
ammonia  that  can  be  formed. 

The  following  is  an  analysis  of  human  urine  by  Berzelius.  1000  parts  con- 
tained 

*  The  degree  of  acidity  appears  to  vary  in  the  same  person  at  different  times.  See  PhUoMh 
Dhical  Trans.!  1849. 
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lOMW 
la  owtain  states  of  disorder  and  disGsse  ErabstaiiaeB  appear  in  tli 
n  the  normal  eeoretion:  oF  theae  the  most  i 
b  albnmln,  Thia  ia  easilj  deteoted  by  Ibe  addition  of  oitric  acid  in  txet^ 
1  then  onuses  a  vhite  cloud  or  lurbidjij,  which  is  permanent  vh^ 
boiled,  or  by  ourrosivo  sablimabi,  the  urine  being  preiioasly  acidiSed  b;^ 
Uttle  acelio  aoid;  boiling  causes  usually  a  precipitate  which  ia  not  diSMlrri 
bj  a  drop  or  two  of  acid.  Mere  turbidity  by  boiling  is  no  proof  of  alhu  " 
the  earthy  phosphates  being  often  thrown  d 
from  nearly  neutral  urtne  ander  each  ciro 
Btftnoes:  the  phosphatio  precipitate  is,  howew^i 
instantly  dissoWed  by  a,  drop  of  any  acid. 

In  diabfta  the  urine  coDtains  grape-du^ar,  Ufc 
qaantity  of  wbioh  commonly  increases  '  '  ' 
progress  of  the  diseaEe,  until  it  becomes  enormon 
the  urine  acquiriag  a  density  of  1040  andbayod 
II  does  not  appear  that  the  urea  ia  deficient  oU 
lulrly,  although  more  difficult  to  disDOTfir  frM 
being  tniied  with  such  a  mass  of  syrup.  "~ 
smallest  trace  of  sugar  saay  be  discovered  ui  n 
by  Tronimer'a  teat,  formerly  mentionedj  a  fgi 
drops  of  Eolation  of  sulphate  of  copper  are  addtl 
to  the  urine,  uid  afternards  an  eioess  of  eaull' 
potasss;  if  sugar  be  present,  a  deep-blue  liqii 
reanlts,  which,  on  boiling,  deposite  red  suho  ' 
of  copper.  With  proper  management,  thii  t«H| 
Tery  Tflluablc;  it  will  even  detect  sugar  in  the  blood  of  diabetic  patienin 
Urine  containing  sugar,  when  mixed  with  a  tittle  yeast,  and  put  in  a  wiS 
place,  readily  nndergoea  Tinons  fcrmentatioa,  and  afterwarda  yields,  oi 
tillatiou,  weak  alcohol,  contaminated  with  ammonia. 
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^TThe  nrine  of  ohililren  ia  aniii  sometimea  to  eor.lain  bonioio  ncid:  it  is  pns- 
lible  tbnt  tbia  may  he  produced  by  the  dcooinpoailion  of  bippurie  Miiii,  whioh 
freqaently  ocuura  in  tbu  urine  of  healtbj  peraons.  When  beasoic  nciil  ia 
taken,  the  urine  after  a  few  lioura  yielda  on  concentratiun,  find  tbo  nddiliou 
of  bjdrochtoric  acid,  needles  of  hippurio  acid,  soiled  by  adhering  tirio  acid. 

The  deposit  of  buff-colored  or  piukish  amorphouB  eediment,  which  so  fre- 
quentl;  occora  in  urine  upon  oooting,  after  unuBUul  exercise  or  siight  demnge- 
nients  of  1iG[ilth,  consistB  cMefl;  of  QQcrjstBliiied  urnte  of  aoda  or  urnta 
of  Rmmonia :  it  may  be  at  once  diBtinguiabed  from  Ji  deposit  of  anraionlo- 
mngnesinn  pbosphnle  by  lis  instant  disappearance  on  the  application  of  beat. 
The  eartbj  phosphates,  besides,  are  hardly  ever  depogited  from  nrine  trhicb 
has  an  acid  reaction.  The  eoloring  matter  of  the  urine  is  oonatantly  ander- 
going  change:  by  nieana  of  neutral  and  basic  Hcotate  of  lead  it  may  be  sepn- 
rnled  into  two  substatioos  which  contain  different  amouDts  of  carbon.  The 
substance  whioh  contains  moat  carbon  may  be  obUined  na  adarh-blae  powder: 
when  dry  it  hna  a  copper  color  like  indigo,  and  diBBolyea  in  alcohol,  giving  n 
purple-blue  solntion.  It  is  said  to  occur  most  evidently  in  Bright'a  diHeaae, 
Tirchow  states  that  he  met  with  this  blue  pigment  in  crystals  in  anbcalthy 
nrine.  Three  coloring  matters  have  been  diatinguiabed  in  urine,  which  bare 
received  the  names,  nrosanthin,  nroglauoin,  and  urorhodin:  thej  hnva  not 
been  perfectly  examined  on  account  of  (he  difficulty  of  preparing  tbem. 
One  of  them  has  many  propertiea  of  indigo. 

The  yellow  principle  of  bile  may  be  observed  in  urine  in  cases  of  jaundice. 

The  urine  of  the  carnivorous  mammifera  is  small  in  quantity,  and  highly 
ncid;  it  baa  a  very  offensive  odor,  and  quickly  putrefiea.  In  composition  it 
Tesembles  that  of  man,  and  is  rich  in  urea.  In  birds  and  sorpenta  the  urine 
is  a  white  pasty  substance,  consiating  almost  entirely  of  urate  of  ammonia. 
In  herbivorous  animals  it  ia  alkaline  and  often  turbid  from  earthy  carbonatea 
und  phosphates:  Tirea  ia  still  the  cbaTucteriatic  ingredient,  nbile  of  uric  acid 
there  is  scarcely  a  trace;  hippuric  acid  ia  usually,  if  not  always,  present, 
Bomedmea  to  a  very  large  extent.  Wbeu  the  nrine  putrefies,  this  hippuric 
aoid,  as  already  noticed,  becomea  changed  to  benioio  acid. 

Urihakt  CALCDLi.  —  Stony  concretions,  differing  much  in  physical  charao- 
ters  and  in  chemical  composition,  are  unhappily  but  too  frequently  formed  in 
the  bladder  itself,  and  give  rise  to  one  of  the  most  distressing  complaints  lo 
whioh  humanity  ia  subject.  Although  many  endeavors  have  been  made  to 
find  some  solvent  or  aolventa  for  these  calculi,  and  thus  Buperaede  the  neeea- 
Bity  of  a  formidable  surgical  operation  for  their  removal,  success  has  been  but 
Tery  partial  and  limited. 

Drinary  calculi  are  generally  composed  of  concentric  layers  of  oryatalliae 
or  amorpboDa  matter,  of  various  degreea  of  bardnesa.  Yery  frequently  the 
central  point  or  nucleua  ia  a  small  foreign  body :  curious  illnstrations  of  thia 
irill  be  seen  in  any  large  collection.  Calculi  are  not  confined  toman:  the 
lower  animals  are  siThjeot  to  the  same  affliction  ;  they  have  been  found  in 
horaes,  oxen,  sheep,  piga,  and  almost  constantly  in  rats. 

The  following  la  a  sketch  of  the  principal  characters  of  the  different  varie- 
ties of  calculi :  — 

1.   Urie  Acid, —  These  are  among  the  most  common:  externally  they  are 
smooth  or  warty,  of  yellowish  or  brownish  lint; 
they  have  an  imperfectly  crystalline,   diatinclly  Fig.  loa 

ooncBntric  stracture,  and  are  tolerably  hard.  Be- 
fore the  blowpipe  the  orio  acid  calculus  burns 
■way,  leaving  no  ash.  It  is  inaoluble  in  water, 
bat  dissolves  with  facility  in  caustic  potassa,  with 
bat  little  ammoniocal  odor;  the  soladou  mixed 
with  acid  gives  a  eopiona  while  cnrdy  precipitate 
rf  nrio  acid,  whicli  speedily  becomes  dense  and 
RTRlallioe.     Cantiously  heated  with  nitrio  aoid, 
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with  bj^drochlorio  ncid.    It  dissoWes  &!■< 
carbonate  of  potOESa  with  copious  evolution  I 
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FhoiphaU   of  Magnuia  and  Ammonia. — T 

is  one  of  the  moBt  comDiDn  hinds.     The  Mu 

>r  psle-colorod,  smooth,  earthy,  and  ^oft;  the;  often  Ut 

a  large  nxza.     Before   tbe  blonpipe  tbls  snbUai 

blackeOB  froin  anlinnl  matter  nbich  alt  calcnU  ahn 
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ifith  comparative  facility.      It  is  iiiBoluble  in  MUi 

allinli,  bat  rendily  soluble  in  dilute  aaida,  and  ' 

solution   is  precipitated  b;  ammonia.     CaleoU 

unmixed  pboaphnte  of  lime  are  rare,  as  al  . 

of  phosphate  of  magnesia  and  ammoDia ;  tbe  lill 

salt    is    someliincB    Been    forming    small    I 

avitieB  in  the  fusible  oalculus, 

c  of  Lime  Cakuha  ;  Mulbrrry  Calcului. — Tbe  latter  name  is  derii 
art;  cbarncler,  and  dark  blood-stained  aspect  of  tbiavariel 
it  is  perhaps  the  worst  form  of  calonlus.  It  is  ( 
ceedingty  hard ;  the  layers  are  thick  and  impi 
fectly  crystalline.  Before  the  bloifpipe  the  oiau 
of  lime  burns  to  a  carbonate  by  a  moderate  r< 
heat,  and,  when  the  flame  is  strongly  nrgwl, 
quicklime.  It  is  soluble  in  moderately-strong  t 
drochloric  acid  by  heat,  and  very  easily  in  nit 
acid.  When  finely  pondered  and  long  boiled  in 
solution  of  carbonate  of  potossa,  oialale  of  pota 
may  be  discovered  in  the  filtered  liquor  vben  CI 
fully  neutralized  by  nitric  acid,  by  white  preci 
tates  with  solutions  of  lime,  lead,  anil  sitter.  A  sediment  of  oxalate  of  U 
in  very  minute,  transparent,  octahedral  crystals,  only  to  be  seen  by  the  mio 
scope,  is  of  common  occurrence  In  urine,  in  which  a  tendency  to  depoaila 

5.  Cyitie  and  JTanthic  Oxida  bnve  already  been  described ;  they  on  T 
rare,  especially  the  latter.  Calculi  of  oyelio  oiide  are  very  crystaUine,  ■ 
often  present  a  waxy  appearance  externally;  sediments  of  cystio  oiida  | 
sometimes  met  with.  As  before  mentioned,  this  substance  is  a  definite  ei 
toltiinble  oi^nic  principle,  containing  sulphur  to  a  large  nmount;  it  is  bdIh 
both  in  acids  and  alkahea.  When  tlie  solution  in  nitric  acid  is  evapnratei 
dryness,  it  blackens;  when  dissolved  in  a  large  quantity  of  cangtio  potafll^ 
a  drop  of  solution  of  acetate  of  lead  added,  and  the  whole  boiled,  a  black  ^ 
cipitate  containing  sulphide  of  lead  makes  its  appearance.  By  these  chui 
ters  cystic  oxide  is  easilj  recognised. 

Xanthie  oxide,  also  a  definite  organic  principle,  is  distinguished  by  I 
peculiar  deep-yellow  color  produced  when  ifa  solution  in  nitric  acid  is 
rated  to  drjuesa ;  it  is  soluble  in  alkalies,  but  not  in  hydrochloric  acid. 

Tery  maiiy  colcati  are  of  a  composite  nature,  the  compositian  of  tbe  i 
'       i  layers  being   occasionally  changed,   or   alternating:    thaa,  n 
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Ammonia  and  oxalate  of  lime  are  not  unfreqnently  associated  in  the  same 
stone. 

SwBAT. — The  watery  fluid  poured  out  by  the  skin  contains  from  }  to  2  per 
cent  of  solid  matter :  the  acidity  of  the  secretion  depends  on  organic  acids, 
shiefly  formic ;  acetic  and  butyric  acids  also  exist  in  it.  Lactic  acid  has  been 
stated  to  be  absent  even  in  rheumatism :  a  new  acid  named  sudoric  acid,  and 
somewhat  resembling  in  composition  uric  acid,  is  said  to  be  always  present, 
C|oHgNO]j.  In  disease,  if  not  in  health,  small  quantities  of  urea  also  exist  in 
sweat.  The  salts  in  the  sweat  are  chlorides  of  sodium  and  potassium.  Phos- 
phorio  acid,  lime,  magnesia,  and  oxide  of  iron  have  been  found. 

Saliva  is  a  mixture  of  several  fluids  secreted  by  different  glands  of  the 
mouth.  Its  specific  gravity  is  from  1002  to  1009.  It  is  usually  alkaline^ 
during  and  after  eating  the  alkaline  reaction  increases,  whilst  it  decreases  by 
fasting.  It  contains  an  albuminous  substance,  piyalin,  which  acts  on  starch, 
rapidly  changing  it  into  sugar.  The  secretion  of  the  submaxillary  gland  with 
the  mucus  of  the  mouth  chiefly  produces  this  effect.  On  the  passage  of  the 
food  into  the  acid  gastric  juice,  this  conversion  of  starch  into  sugar  ceases. 
The  second  remarkable  substance  in  saliva  is  sulphocyanide  of  potassium, 
which  exists  in  very  small  quantities,  but  is  very  easily  detected.  The  solid 
constituents  of  saliva  are  about  1  per  cent.,  and  in  100  parts  of  solid  consti- 
tuents from  7  to  21  parts  are  fixed  salts,  chiefly  chlorides. 

Oastbio  juice  contains  from  1  to  2  per  cent,  of  solid  constituents.  It  con- 
tains an  albuminous  substance,  pepsin^  by  some  called  ehymosin  or  better  gat^ 
Urase,  With  the  acids  and  water  of  the  gastric  juice  the  albuminous  food  is 
much  more  quickly  dissolved  than  by  water  and  acids  alone.  The  free  acids 
of  the  stomach  are  the  hydrochloric,  lactic,  butyric,  and  acetic ;  and  very 
probably  sulphuric  and  phosphoric  acids  in  very  minute  quantities  are  also 
free.  The  saline  substances  that  are  present  are  chlorides  of  sodium,  cal- 
cium, magnesium,  and  traces  of  protochloride  of  iron  and  phosphate  of  lime, 
but  these  substances  are  present  in  very  small  quantities.  From  experiments 
lately  made  on  a  woman  who  had  a  fistulous  opening  in  the  stomach,  it  is  said 
that  as  much  as  81  pounds  of  fluid  may  sometimes  be  secreted  by  the  stomach 
daily. 

BiLB. — This  is  a  secretion  of  a  very  different  character  from  the^receding: 
the  largest  internal  organ  of  the  body,  the  liver,  is  devoted  to  its  preparation, 
which  takes  place  from  venous,  instead  of  arterial  blood.  The  composition 
of  the  bile  has  been  made  the  subject  of  much  investigation ;  the  following  is 
a  summary  of  the  most  important  facts  which  have  been  brought  to  light. 

In  its  ordinary  state  bile  is  a  very  deep-yellow,  or  greenish,  viscid,  trans- 
parent liquid,  which  darkens  by  exposure  to  the  air,  and  undergoes  changes 
which  have  been  yet  imperfectly  studied.  It  has  a  disagreeable  odor,  a  most 
nauseous,  bitter  taste,  a  distinctly-alkaline  reaction,  and  is  miscible  with 
water  in  all  proportions.  When  evaporated  to  dryness  at  212^  (100°C),  and 
treated  with  alcohol,  the  greater  part  dissolves,  leaving  behind  an  insoluble 
jelly  of  mucus  of  the  gall-bladder.  This  alcoholic  solution  contains  coloring- 
matter  and  cholesterin ;  from  the  former  it  may  be  freed  by  digestion  with 
animal  charcoal,  and  from  the  latter  by  a  large  admixture  of  ether,  in  which 
the  bile  is  insoluble,  and  separates  as  a  thick,  syrupy,  and  nearly  colorless 
liquid.     The  coloring-matter  may  also  be  precipitated  by  baryta-water. 

Pure  bile  thus  obtained,  when  evaporated  to  dryness  by  a  gentle  heat,  forma 
a  slightly-yellowish  brittle  mass,  resembling  gum-arabic.  It  is  completely 
soluble  in  water  and  absolute  alcohol.  The  solution  is  not  affected  by  the 
vegetable  acids;  hydrochloric  and  sulphuric  acids,  on  the  contrary,  give  rise 
to  turbidity,  either  immediately  or  after  a  short  interval.  Acetate  of  lead 
partially  precipitates  it :  the  tribasic  acetate  precipitates  it  completely ;  the 
precipitate  is  readily  soluble  in  acetic  acid,  in  alcohol,  and  to  a  certain  extent 
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in  excew  of  acetate  of  lead.  When  carbonised  by  heat,  and  incinerated,  bile 
lenTes  between  11  and  12  per  cent,  of  ash,  consisting  chiefly  of  carbonate  of 
soda,  with  a  little  common  salt  and  alkaline  phosphate.  The  recent  beaatifiil 
researches  of  Strccker  show  thnt  bile  is  essentially  a  mixture  of  the  sodi- 
salts  of  two  peculiar  conjugate  acids,  very  distinctly  resembling  the  resinmu 
and  fatty  acids.  One  of  these  contains  nitrogen,  but  no  sulphur,  and  is 
termed  eholie  acid,  or  better,  glyeo-eholalie^  being  a  conjugated  compound  of 
a  noH-nitrogenotu  acid,  cholaUe  acid^^  with  the  nitrogenetted  substance  gly^otm 
(see  page  549) ;  the  other,  containing  nitrogen  and  sulphur,  has  received  tiie 
name  choUie  aeidy  or  better,  tauro-eholaUc  acid,  being  a  conjugated  compound 
of  the  same  cholalic  acid  with  a  body  to  be  presently  described  under  the  name 
^f  taurin,  containing  both  nitrogen  and  sulphur.  The  relative  proportion  in 
which  these  acids  occur  in  bile,  remains  pretty  constant  with  the  same  ani- 
mal, but  varies  considerably  with  different  classes  of  animals. 

Gltco-cholalic  acid  may  be  thus  obtained :  —  When  ox-bile  is  perfectlj 
dried  and  extracted  with  cold  absolute  alcohol,  and  after  filtration  is  mixed 
with  ether,  it  first  deposits  a  brownish  tough  resinous  mass,  and  after  some 
time,  stellated  crystals  which  consist  of  glychocholalate  of  soda  and  potassa. 
These  mixed  crystals  were  first  obtained  by  Platner,  and  they  compose  his 
so-called  crystallised  bile. 

Glyco-cholalic  acid  may  be  obtained  by  decomposing  the  glyco-cholalate  of 
soda  by  sulphuric  acid ;  it  crystallizes  in  fine  white  needles  of  a  bitterish- 
sweet  taste,  is  soluble  in  water  and  alcohol,  but  only  slightly  in  ether,  and  has 
a  strong  acid  reaction.  It  is  represented  by  the  formula  C^gH^gNOnjEO. 
When  boiled  with  a  solution  of  potassa,  the  acid  divides  into  cholalic  aoid 
C^gHggOgfHO,  and  glycocine  or  gelatin-sugar:  — 

C5jH^0,„H0    -f    2H0      =      C^Hj,0,,HO    -f    C^H^NO^. 
Glyco-cholalic  acid.  Cholalic  acid.         Glycocine. 

Boiled  with  concentrated  sulphuric  or  hydrochloU^ic  acid,  it  yields  likewise 
glycocine,  but  instead  of  cholalic  acid,  another  white  amorphous  acid 
chohidinic  acid  (C^gH^O^  =  cholalic  acid  —  1  eq.  of  water),  or  if  the  ebullition 
has  continued  for  some  time,  a  resinous  substance,  from  its  insolubility  in 
water  called  dyslysin,  (^4S^s6^6  =  cholalic  acid  —  4  eq.  of  water). 

Tauro-cholalic  acid  is  thus  procured :  —  Ox  bile  is  freed  as  far  as  possible 
from  glyco-cholalic  acid  by  means  of  neutral  acetate  of  lead,  and  it  is  then 
precipitated  by  basic  acetate  of  lead,  to  which  a  little  ammonia  is  added. 
The  precipitate  is  decomposed  by  carbonate  of  soda,  when  tolerably  part 
tauro-cholalate  of  soda  is  obtained.  By  decomposing  the  tauro-cholalate  of 
lead  by  sulphuretted  hydrogen,  tauro-cholalic  acid  is  liberated.  This  sub- 
stance, however,  which  was  previously  called  choleic  acid  and  bilin,  has  never 
been  obtained  in  the  pure  state.  Its  formula,  as  inferred  from  the  study  of 
its  products  of  decomposition,  would  be  €521144^^820,3,  HO.  When  boiled  witb 
alkalies  it  divides  into  cholalic  acid  and  taurin :  — 

C52lJ44NS20,3,nO    -f    2H0       =       C48H3g09,HO     -f     C^H^NSjOi, 

Tauro-cholalic  acid.  Cholalic  acid.  Taurin. 

With  boiling  acids  it  gives  likewise  taurin,  but  instead  of  cholalic  add, 
either  choloidinic  acid  or  dyslysin,  according  to  the  duration  of  the  ebulIitioiL 

'  Also  called  chdic  acid  by  some  authors. 
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Tacbin,  C^IIjNS^O^  DTjstallizcB  in  colorless  regular  beiBgonal  pristng, 
irhich  hare  no  odor  ajid  rer;  little  taate.  It  ia  neulral  to  teal-pnper,  and 
permanent  in  the  air.  When  burnt,  it  giyea  rise  to  mucli  sulphurous  acid. 
It  contaiuB  upwards  of  26  j,cr  cent,  of  sulphur.  It  ie  essU;  preparvd  by 
boiling  puri&od  bile  for  some  houra  with  hydrochloric  uoid.  Aner  fillration 
fLDd  evaporation,  the  acid  rtaldue  ia  treated  with  five  ot  six  timcB  its  bulk  of 
boiliug  alcohol,  from  vhich  the  taurln  separates  on  coding.  Strecher  made 
nmoy  attempts  to  prepare  taurin  artificially.  DlticnaWIy  lie  round  that  when 
isethionate  of  ammonia  (see  page  3S3},  which  fuses  at  266°  (130°C,)  is  heated 
to  410°  (210°C)  or  428°  (220''C,)  it  loses  two  equiTaleuts  of  water,  and 
becomes  taurin.  The  substance  is  dissolved  in  irnter,  and,  on  the  luldition  of 
alcohol,  giives  crystals  haiing  all  the  properties  of  taurin. 

CaOLAtic  or  L-HOLio  ACin,  CjjHpOj.BO,  crystallizes  in  lertahedra.  It  ia 
■oluble  in  aulpburio  acid,  and  on  the  addition  of  a  drop  of  this  acid,  and  a 
■olotion  of  sugar  (I  part  of  sugar  to  4  parts  of  water),  a  purple-viulet  color 
ia  produced,  which  constitutes  Peltenkofer's  test  for  bile.  At  383°  (196°C)  it 
loses  an  atom  of  water,  and  is  converted  into  cholcidinio  acid ;  which  change, 
BB  has  been  pointed  out,  is  also  produced  by  ebnlUlion  with  acids. 

Cholalic  acid  is  best  obtained  by  boiling  (he  resinous  mass  precipitated  bj 
ether  from  the  alcoholic  sulution  of  the  bile  with  a  dilute  solution  of  potossa 
for  24  or  36  hours,  till  the  amorphous  potassa-salt  that  hna  separated  begins 
to  crystalline.  When  the  dark-colored  soft  mass  is  removed  from  the  alkaline 
liquid,  dissolved  in  water,  and  hydrochloric  BCid  added,  a  little  ether  causes 
the  deposition  of  the  cholalic  acid  ia  crystals. 

The  principal  coloring  matter  of  the  bile  has  been  called  cholrpj/rrliin. 
When  dry  it  is  reddish-bnwn  and  uBcrystalliiable,  insoluble  in  water,  more 
soluble  in  alcohol  which  becomes  yellow,  and  most  soluble  in  caustic  alkali. 
On  the  addition  of  nitric  acid  to  the  yellow  alkaline  soIaUon  a  cLange  ensues. 
It  passes  through  green,  blue,  violet,  and  red  :  after'  some  time  it  again  turns 
yellow,  probably  in  consequenoB  of  B  grndual  process  of  oiidation. 

Another  coloring  matter  has  been  called  tUiverdm.  It  is  dark  green,  amor- 
phoDS  without  taste  or  amell.  insoluble  in  water,  slightly  solublo  in  alcohol, 
but  soluble  in  etber.  Benelius  considets  it  to  be  identical  with  the  chlaro- 
phytl,  or  green  coloring  matter  of  leaves. 

Acoording  to  the  researches  of  Strecker  and  Gundelach,  pigs'  bile  differ* 
from  tbe  bile  of  other  animals.  Ibis  bile  contains  an  acid,  to  which  the  name 
AyocAolic  acid  has  been  given,  which  may  be  prepared  in  the  following  manner : 
—  freeh  pigs'  bile  is  miied  with  a  solution  of  sulphate  of  soda,  the  precipitate 
obtained  is  dissolved  in  absolute  alcohol,  and  decolorized  by  animal  charcoaL 
From  this  solution  ether  throws  down  a  soda-salt,  yielding  on  addition  of 
Bulpburic  acid,  hyocholic  acid  as  a  resinous  masa,  which  is  dissolved  in  alcohol 
and  reprecipitated  by  water. 

Hyocholic  acid  conlams  C„II,,SO,,.  When  heated  with  solutions  of  the 
alkalies,  the  acid  undergoes  a  deconipoaitioo  perfectly  anologoua  to  that  of 
glyco-cholalic  acid,  hyochulic  acid  splitting  into  glycocino  and  a  crystatliae 
acid,  very  soluble  in  alcohol,  less  so  in  ether,  which  has  been  termed  hyoclut- 
iaiie  atid.  This  substance  contains  CtjHuO,,HO;  and  the  change  is  repre- 
sented by  the  following  equation;  — 

C„H^NO,o     +      2H0      =      C„H„O^HO      +      C,HjtiOj 
Hyocholic  acid.  Hyocholalic  acid.         Glycocine. 

Hence  hyocholic  acid  might  be  called  gigco-hyochalalic  acid.  When  boiled 
with  acids,  glyco-hyacbolalic  acid  yields  likewise  glyoocino,  but  iostead  of 
byoeholBlic  acid,  a  subslauce  representing  the  dyalysin  of  the  ordinary  bile, 
which  might  be  termed  hyodyilyiin.  The  composition  of  hyodyalyMD  ip 
C_H_0,  =  hyocholalio  acid  —  2  eu.  HO. 
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^^^1  Pigs'  bile  aonbum  k  vei^  trifling  qnantit;  of  aalpbur,  probably  In  Iht  fam 

^^B      of  a  Bulpburetted  acid  correapondiag  to  the  tanro-cholnlic  acid  of  oi-1)i!e, 

^H      Stncker  bclicTea  this  acid  to  aontiiD  C„H^N3,0u:  it  might  be  called  tavro- 

^^H      isoehalalic  add,  nbich.  when  boiled  Kith  an  alkaTi,  would  jield  taurin  soil 

^^H      i^uoholalio  aoid.     The  anlpbarelted  acid  must  be  present  in  ^igs'  bile  in  rerj 

^^^1      mionte  quantity ;  it  ie  eren  less  known  than  tauro-cholalio  acid. 

^^H  The  <inoe~ celebrated  oriental    bnoar  ilona  are   biliary  calculi,  s\id  to  bi 

^^H      procured  fVom  a  species  of  antelope:  they  have  a  brown  tint,  a  coucentrit 

^^H      ttriiGtnr«,  and  a  waxy  appearance,  and  oonsist  essentially  of  a  peculiar  and 

^^H      definite  orystalliisble  principle  called  lilio/illink  add.     To  procure  this  snb- 

^^H       stance,  tbe  calculi  are  reduced  to  powder  and  exhausted  with  boiling  alcohol; 

^^V      the  dark  solulioD  is  decoloriied  by  animal  charcoal,  and  left  to  eiapnrste  hj 

^^^         gentle  heat,  whereupon  the  lithofellinio  acid  is  deposited  in  small,  coloring, 

•     traneparent  sii-eided  prisma.     It  is   insoluble  in  water,  and  with  difficult; 

soluble  in  ether,  but  dissohes  with  ease  to  alcohol :  it  melte  at  202°  (Sd^'SCI, 

and  at  a  higher  temperature  bums  with  a  smoky  flame,  leaving  but  Uulo 

charcoal.     Lithofellinic  acid  dissolTea  wilhont  decomposition  in  DODoentnttd 

acetic  acid  aud  in  oil  of  Titriol ;  it  forma  a  soluble  salt  with  potasaa.,  and  dis- 

■olies  also  in  amtnonia,  but  crystalliies  out  uncbaoged  on  evaporation.     By 

analysia.  lithofellinio  acid  is  found  to  consist  of  C„H„0,,HO. 

The  liver  not  only  forms  bile  which  is  eicreted,  but  it  also  eSecta  a  remark- 
able change  in  the  blood  that  passes  through  it.  M.  Bemard  discovered  Ibst 
after  denlb  sugar  could  be  detected  in  the  blood  from  the  bepntic  vein,  niiibit 
BO  Bugar  was  detectable  in  blood  from  the  portal  vein.  In  the  pmgreas  of  liii 
reaearches  into  the  origiu  of  this  sugar,  be  found  tliat  a  $ Jyco^enu  lubtloKl 
wag  formed  in  the  sobstance  of  the  liver  itself,  and  this  he  Bucceeded  in 
extracting  aud  iusulating. 

The  freiih  nam  liver  uf  a  healthy  animal  is  eat  into  small  pieces  and  boiled; 
the  ferment  is  thereby  coagulated  before  the  glycogenic  substance  has  dme  14 
be  changed  into  sugar.  The  coagulated  masses  of  liver  are  then  rubbed  in  a 
mortar  and  bolted  wilh  water  for  tbree  quarters  of  an  hour,  slrOiined,  filtered, 
and  precipitated  either  with  glacial  acetic  acid  or  with  alcohol.  The  precipi- 
tate is  the  impure  glycogenic  substance.  To  purify  it  Bernard  treats  it  wilh 
caustic  potassa.  dissolves  it  in  water,  precipitates  it  wilh  alcohol,  again  dli< 
BotvcB  it  in  water,  neutraliies  any  potassa  that  temaicE  by  acetic  acid,  ind 
reprecipitates  with  alcohol. 

The  substance  thus  obtained  offers  the  most  perfect  analogy  with  hjdrated 
starch.     It  [s  neutral,  without  smell  or  taste,  becomes  violet  vrilh   iodia^ 
evolves  no  ammonia  when  heated  with  soda,  does  not  reduce  solution  of  cxidt 
I  of  copper,  and  does  not  ferment  with  yeast.      When  treated  with  subatancM 

^^H  which  change  starch  into  sngor,  the  glycogenic  matter  passes  through  a  atilB 
^^H  corresponding  to  dextrin  into  sugar.  Felouie  bos  analyzed  this  snbslaDce  aid 
^^H  gives  the  formula  CgII|,0„.  He  found  that  both  it  and  vegetalile  staretl 
^^V  when  boiled  with  potassa  and  dried  at  212°  (IOO''C),  gave  tha  forniult 
^^B  t^fiH  t|0|,-  By  treating  it  with  concentrated  nitric  acid  be  ubtaiued  zyWlla, 
I  with  weaker  iicid,  oxalic  acid. 

The  glycogenic  substance,  or  animal  staroh,  has  as  yet  been  found  by 
Bernard  only  in  the  liver,  no  other  organ  containing  a  trace  of  it.  The  liiers 
of  dogs  fed  on  animal  food  alone  yield  it.  He  admits  that  in  vegetable  feeder* 
Bolubte  dextrin  may  pass  into  the  liver  from  the  food,  but  the  oonstanl  inCerul 
production  of  glycogenic  substance  he  considers  to  be  allogertior  independent 
of  tliis  accidental  external  source, 

I'ANiiEKAT:u  FLiiiu  has  a  specific  grniity  about  1008  to  1009,  conti^niiig 
;  trom  9  to  11   per  cent,  of  solid  constituents,  aud  about  I  per  Dent,  of  uk, 
efly  chlorides  i\nd  phosphates. 

t  ooutains  an  albuminous  substance  resembling  plyalin,  hot  no  snlphoej- 
f.     Starch  is  coovetled  into  sugar  more  enorgelically  by  the  panoreiM 
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Hnid  Utnn  by  tbc  salivn.    It  ia  doubtful  whether  il  decomposes  fat  into  gif  oeiin 
uid  fatty  acid,     tt  has  no  action  on  the  albuminons  pa.rt  of  food. 

INTE9T1NAL  JUICE,  B  colorleaa.  alkiLline  Buid,  containing  from  3  to  4  pel 
Bent,  of  solid  constituentB.  It  very  rapidly  aonterts  starch  into  Bugur,  aof, 
tdso  is  thought  to  be  capable  otdisaoWing  albuminous  BubetanccB. 

Chtlb.— The  fluid  of  the  lacled  Teasele.  This  is  a  Trery  variable  fluid, 
milky  and  feebly  alkaline.  It  begins  to  coagulate  when  taken  from  the  les- 
BeU,  in  9  to  12  minotes,  and  is  perfectly  bo  in  2  to  4  hours.  The  coagulum  is 
nnch  Binaller  and  weaker  than  that  of  the  blood.  That  of  the  horse,  from  a 
yeliowish  color  changes  in  the  air  to  light  red. 

The  albuminous,  euline  serum  contains  very  tin ely-di Tided  molecules,  whioh 
consist  of  the  minatest  particles  of  falCy  matter,  larger  chyle  globules,  and 
colorless  blood  globules.  Thus  the  chyle  approximates  ia  composiliOD  and 
properUes  (o  the  blood. 

In  the  chyle  of  the  horse  there  were  found :  — 

'00  per  cent 


Filed  coQStitnen 

fl     ■        '.        ■ 

.     9-00          4-00 

Suclei  and  cells 

Variable. 

Albumin    .         . 

.     1'9S          4-84 

.     7 '27          8-34 

Insoluble  .         . 

about  2-00 

Lnpa  is  the  name  given  to  the  fluid  in  the  lymphatic  veasels.  It  ia  colD^- 
less,  has  an  alkaline  reaction,  and  coagulates  in  from  4  to  20  minutes.  It 
oloaety  resembles  the  blood  without  the  blood  globules.  It  contains  colorless 
globules,  resembling  the  while  globules  of  the  blood.  It  contains  much  less 
Albumin  and  fat  than  the  serum  of  the  blood,  Il  coutaios  more  water,  and 
proportionately  more  eitractive  matter. 

Closely  resembling  this  fluid  is  that  poured  out  by  seroaa  membranes  and 
the  cellular  tissue.  It  has  been  called  exsudation  fluid,  and  may  be  divided 
into  fibrinous  and  non-fibrinous.  It  may  be  considered  as  the  serum  of  the 
blood  with  or  without  fibrin,  wbich  is  far  more  commonly  present  than  has 
been  supposed. 

MoocB  AND  pns. — The  slimy  matter  effused  upon  the  surface  of  various  mu- 
oons  membranes,  as  the  lining  of  the  alimentary  canal,  that  of  the  bladder, 
of  the  nose,  lungs,  &a.,  to  which  the  general  name  mucut  is  given,  is  so  small 
In  quantity,  and  so  variable  in  consequence  of  any  irritation  of  the  membranes, 
that  it  is  difGcult  to  characterize.  It  always  contuns  more  or  less  epitheliom 
and  mudous  cells.  It  probably  contains  a  peculiar  nitrogenous  principle  to 
which  the  name  mutin  has  been  given.  It  is  insoluble  in  water ;  very  soluble 
la  dilate  alkalies,  and  precipitable  from  such  eolations  by  acetic  acid.  Scherer 
giies  carbon  52  41,  hydrogen  6-97,  nitrogen  12-82,  oxygen  27-80.  It  eon- 
ttina  no  sulphur.  Mucus  often  contains  more  or  less  albumin,  and  always 
•ztraotive  matters  and  salts ;  among  these  the  chlorides  are  in  excess. 

Pta,  the  natural  secretion  of  a  wounded 
or  otherwise  injured  surface,  is  commonly  a 
ersamy,  white,  or  yellowish  liquid,  which, 
under  Hie  microscope,  appears  to  consist  of 
maltitades  of  minute  globules  floating  in  a 
eeram.     It  ia  neither  acid  nor  alkaline. 

The  pus  globules  are  distended  by  very 
dilute  mineral  and  organic  acids ;  imperfectly 
dissolved  by  all<aliea,  leaving  the  membrane 
of  the  csllR  adhering  in  a  gelatinous  mass 
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This  oell  membruie  tn  an  nlbuminonB  aabstniioc,  Boluble  in  ler;  dilute  icid. 
rbe  puf  serum  conUina  morr  or  i?.BS  nlbumin,  :□  all  tefipccls  identicsl  irilh 
that  of  tbe  blood.  GJlterback.  bj  coagulating  poa  by  alcobol,  and  eitnuting 
tbe  reeidue.  obtainei}  a  gnbstBiice  which  la  characteriied  by  ilB  prccipilatiou 
by  acetic  acid,  and  by  a  satutian  of  alam.  lie  called  itpyin.  It  is  an  alba- 
Uinoua  Bubslance,  and  baji  not  been  fouad  to  be  alvayn  present. 

The  qoantity  of  faltj  aobstanoB  ia  remarkable  in  pus,  Tarying  from  2  to  fl 
t)(rr  cent.  As  much  aa  1  percent,  of  choleslerin  baa  been  Ibnad  to  be  present; 
iut  neither  by  tbis  dot  bj  any  other  character  can  the  passage  of  mucns  inU 
pus  bs  determined. 

Mils. — The  peculiar  epecial  secretion  destined  for  the  nonrishment  of  Ihl 
Young  is,  so  far  aa  is  known,  very  much  the  Eam«  in  flesh-eating  BDimola  and 
In  those  which  Itie  eicluaiTcly  on  Tcgctnble  tooa.  The  proportiooa  of  thi 
eouBtitueBtg  may,  howeier,  sometimes  differ  to  a  considerable  extent.  Th> 
epecilic  gravity  iraries  from  1-018  to  1045.  It  will  be  seen  hereafter  that  tht 
HubslaDcea  present  in  milk  are  wonderfully  adapted  to  the  office  of  proiidint 
materials  for  the  rapid  growth  and  development  of  the  aDimal  frame.  Iteoa- 
tains  an  aiotiied  matter,  casein,  nearly  identical  in  cnmpaaition  witb  mnBcn- 
lar  fleah.  fatty  principles,  and  a  peculiar  sugar,  and  lastly,  TsrioDB  salts, 
mmong  which  may  be  mentioned  phosphato  of  lime,  held  in  complete  eatutiiin 
In  a  slightly- alkaline  liquid.  This  laat  is  especially  important  to  m  procCK 
then  in  actility,  tbe  formation  of  bone. 

The  white,  and  almort  opaque,  appearaiice  of 

rig.  I3T.  milk  is  an  optical  illusion :  examined  by  a  miero- 

O  a.  o    "g  "^  scope  of  BTen  moderate  power,  it  ia  seen  to  «ra- 

•o"  a*  o*'  -a"       *'"*    "'  ■   perfectly-transparent    fluid,   in   which 

t,    »g       °    oa  a  Boat  about  numbers  of  transparent  globolee:  theH 

*S°A?e,,*  t^^fo*^  ooDBiflt  of  fat  surrounded  by  an  albuminous  ent*- 

!|rapfv/4,0°ri*K  'op*,   which  can   be   broken  mechanically  aa  ia 

ft"^^       J*        °  B  a      the  churning,  or  diBsoWeJ  by  the  chemical  acUna 

''"SSe?'^  yS*»'       "'"  "^"Stic  potaasB,  after  which,   on  agita^ng  tb* 

'  •'S^^'o'    a'*  ""'^  ■"'*''  *"'"■  *^^  f^'  "">  ^  dissoWed. 

"  When  milk  is  suffered  to  remain  at  real  Bcm* 

hours  at  the  ordinary  temperature  of  tbe  ail,  a 
largo  proportion  of  the  fat-globales  collect  at  the  surface  into  a  layer  of 
eream;  if  this  be  now  removed  and  exposed  for  some  time  to  strong  agita- 
tion, Ihe  fnt-glohulea  coalesce  into  a  mass,  and  the  remaining  wat«:y 
liquid  is  expelled  from  between  them  and  separated.  The  bullcr  bo  {iiv- 
duced  must  be  thoroughly  washed  with  cold  water,  to  remote,  aa  hr  U 
possible,  the  last  traces  of  casein,  which  readily  putrefieji,  and  would  in  that 
ease  spoil  the  whole.     A  little  salt  is  usually  added. 

Ordinary  butler  still,  however,  conlains  aome  baiter-milk,  and  when  inr 
tended  for  keeping  shoatd  be  cto-tjM,  as  it  is  termed,  by  fusion.  The  wateiy 
part  then  aubaideB,  and  carries  with  it  the  residne  of  the  aiotized  mattei> 
The  SoTor  is  nnfortunately  somewhat  impaired  by  tbis  process.  The  cHl- 
aistence  of  butter,  in  other  words,  the  proportions  of  margarin  and  olein,  ii 
dependent  upon  tjie  aeaaon,  or  more  probably  upon  tbe  kind  of  food :  in  biub- 
mer  the  oily  portion  is  always  more  considersble  than  in  winter.  The  Totatil* 
odoriferous  principle  of  hutCer,  balt/rin.  has  been  already  referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  io  many  countriea  nn  impcrt- 
ant  article  of  food.  Tbe  milk  is  usually  heated  to  abont  120°  (49oC},  and 
ooagulated  by  rmntt,  or  an  infusion  of  the  stomach  of  tbe  calf  in  water  i  thi 
curd  is  carefully  separated  by  a  sieve  from  the  whey,  mixed  with  a  due  pm- 
porlion  of  salt,  and  Bomctimea  some  coloring-matter,  and  then  subjected  W 
■Crong  and  increasing  pressure.  The  fresh  cheese  so  prepared,  being  eon- 
■tantly  kept  cool  and  dry,  nndergoes  a  particular  kind  of  putrefactive  fermra- 
telioa,  Tery  little  nnderGlOQd,  \i^  nbich  principles  are  generated  which 
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■lanieate  a  particular  taste  and  odor.  The  goodness  of  cheese,  as  well  as 
much  of  the  difference  of  flavor  perceptible  in  different  samples,  depends  in 
great  measare  npon  the  manipulation :  the  best  kinds  contain  a  considerable 
qnantily  of  fat,  and  are  made  with  new  milk;  the  inferior  descriptions  are 
made  with  skimmed  milk. 

Some  of  the  Tartar  tribes  prepare  a  kind  of  spirit  from  milk  by  suffering  it 
to  ferment,  with  frequent  agitation.  The  casein  converts  a  part  of  the  mUk- 
BUgar  into  lactic  acid,  and  another  part  into  grape-sugar,  which  in  turn  be- 
comes converted  into  alcohoL  Mare's  milk  is  said  to  answer  better  for  this 
purpose  than  that  of  the  cow. 

In  a  fresh  state,  and  taken  from  a  healthy  animal, .  milk  is  always  feebly 
alkaline.  When  left  to  itself,  it  very  soon  becomes  acid,  and  is  then  found  tc 
contain  lactic  acid,  which  cannot  be  discovered  in  the  fresh  condition.  The 
alkalinily  is  due  to  the  soda  which  holds  the  casein  in  solution.  In  this 
soluble  form  casein  possesses  the  power  of  taking  up  and  retaining  a  very  con- 
siderable quantity  of  phosphate  of  lime.  The  density  of  milk  varies  exceed- 
ingly ;  its  quality  usually  bears  an  inverse  ratio  to  its  quantity.  From  an 
Mudysis  of  cow-milk  in  the  fresh  state  by  M.  Haidlen,!  tiie  following  state- 
mrnit  of  its  composition  in  1000  parts  has  been  deduced : — 

Water 87800 

Butter 8000 

Casein 48-20 

Milk-sugar 48*90 

Phosphate  of  lime 2*81 

„             magnesia 0*42 

„             iron 007 

Chloride  of  potassium 1*44 

„          sodium 0*24 

Soda  in  combination  with  casein 0*42 


100000 


Human  milk  is  remarkable  for  the  difficully  with  which  it  coagulates ;  it 
generally  contains  a  larger  proportion  of  sugar  than  cow-milk,  but  ooaroe^ 
oiffers  in  other  respects. 

*  ABml«n  d«r  Ohimie  und  Phannadt^  zlv.  90. 
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OK   THE   FtlMCTION  OF  NnTRITlON   IN   THE  ANIMAL  ABD 
VEGETABLE   KINGDOMS. 


Thb  constant  and  Qnaenging  waste  of  the  animal  bod;  id  tbe  proceet  M 
reBpiratioD,  and  Ed  the  Tnrious  BQCODdar;  changes  Iherewitn  cooneated,  hcceb 
"  '  .n  eqaalty  coDstHnt  repair  and  renewitl  of  the  whole  frame  b;  the  de 
or  organisation  of  matter  from  the  blood,  which  is  thus  gradmllj 
ImpoTerished.  To  sappl;  this  deSciency  of  solid  material  in  the  cbcnlamig 
Said  is  the  oSoe  of  the  food.  The  striking  contrast  which  at  first  appears  in 
the  nature  of  the  food  of  the  two  great  classes  of  animals,  Che  Tegetabli 
feeders  and  the  carniTorous  races,  diminishes  great);  on  vlose  examinatien: 
It  will  be  seen  that,  so  far  as  the  materials  of  hlnod,  or,  in  other  words,  tbut 
dflToted  to  the  repair  and  snsteoBDce  of  the  body  itself,  are  concemeil,  llie 
process  is  the  tsame.  In  a  flesh-enting  animal  great  simphcity  is  observed  in 
the  construction  of  the  digestive  organs  ;  the  stomach  is  a  mere  enlargement 
of  the  short  and  simple  alimeutar;  canal ;  aoi  the  reason  is  plain :  the  food 
of  the  creatuK,  flesh,  is  absolutely  identical  in  compoiition  with  its  own  blood, 
snd  with  the  bod;  that  blood  is  destined  to  nourish.  In  the  stomach  It  nnder- 
goea  mere  solution,  being;  brought  into  a  state  fitted  for  ahsorption  bj  tbt 
lacteal  vesseU,  by  which  il  is  nearly  all  taken  up,  and  at  once  conveyed  inui 
the  blood;  the  eieremenlE  of  such  animals  are  little  more  than  the  oomminnted 
bones,  feathers,  hair,  and  other  matters  which  refuse  to  dissolvo  in  the 
stomach.  The  same  condition,  that  Ibe  food  employed  for  the  nourisliinei't 
of  the  body  must  hare  the  same  or  nearly  the  same  chemical  composition  ni 
the  body  ilseif,  is  really  fulfilled  in  ibe  case  of  animals  that  live  eicluatd; 
on  vegetable  substances.  It  has  been  shown'  that  certain  of  the  aiotiicd 
principles  of  plants,  which  often  abound,  and  are  never  altogether  abBcot, 
have  a  cbemical  composition  and  assemblage  of  properties  which  aasimilal< 
them  in  Che  closest  manner,  and  it  is  bclioved  even  identify  them,  with  tbt 
•lotiied  principles  of  the  animal  body;  vegetable  albumin,  fibrin,  and  carcln 
»re  scarcely  to  be  diBtingaished  from  the  bodies  of  the  same  name  exlrachid 
from  blood  and  milk. 

If  a  portion  of  whealen  flour  be  made  into  a  paste  with  water,  nnd  oantioii!!; 
washed  on  a  fine  metallic  sieve,  or  in  a  olotti,  a  grayish,  adhesive,  elastic,  in- 
soluble substance  will  be  left,  called  gluten  or  glulm,  and  a  milky  liquid  will 
pass  throDgh,  which  by  a  few  hours'  rest  becomes  clear  b;  depositing  a  qniin- 
tity  of  starch.  If  now  this  liquid  he  boiled,  it  becomes  again  turbid  from  ibe 
production  of  a  flocculent  precipitate,  which,  when  collected,  washed,  dried, 
and  purified  from  fat  hy  boiling  with  ether,  is  found  to  have  the  same  oompD- 
sicion  as  animal  albumin.  The  glalin  itself  is  a  mixture  of  true  vegetitlt 
fibrin  and  a  small  quantity  of  a  peculiar  aiotized  matter  called  gliadin,  m 
which  its  adhesive  properties  are  due.  The  gliadin  may  be  extracted  by  boil- 
ing alcohol,  together  with  a  thick,  fluid  oil,  which  is  separable  by  ether;  iti< 
gluey  and  adbesive,  quite  insoluble  in  water,  and,  when  dry,  hard  and  tTari«- 
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fdeent  like  horn ;  it  dissoWes  readily  in  dilute  caustic  alkali,  and  also  In  acetic 
acid.  The  fibrin  of  other  grain  is  unaccompanied  by  gliadin ;  barley  and  oat* 
Ineal  yield  no  glutin,  but  incoherent  filaments  of  nearly  pure  fibrin. 

Vegetable  ndbumin  in  a  soluble  state  abounds  in  the  juice  of  many  soft 
inioctQent  plants  used  for  food :  it  may  be  extracted  from  potatoes  by  macera- 
ting the  sliced  tubers  in  cold  water  containing  a  little  sulphuric  acid.  It 
coagulates  when  heated  to  a  temperature  dependent  upon  the  degree  of  con- 
centration, and  cannot  be  distinguished  when  in  this  state  from  boiled  white 
of  egg  in  a  divided  condition. 

Almonds,  peas,  beans,  and  many  Of  tiie  oily  seeds,  contain  a  principle  which 
bears  the  most  striking  resemblance  to  the  casein  of  milk.  When  a  solution 
of  this  substance  is  heated,  no  coagulation  occurs,  but  a  skin  forms  on  the 
Surface,  just  as  with  boUed  milk.  It  is  coagulable  by  alcohol,  and  by  acetic 
add ;  the  last  being  a  character  of  importance.  Such  a  solution,  mixed  with 
a  litAe  sugar — an  emulsion  of  sweet  almonds,  for  instance — ^left  to  itself,  soon 
\)eeomes  sour  and  curdy,  and  exhales  an  offensive  smell ;  it  is  theti  found  to 
Tbobiiain  lactic  acid. 

All  these  substances  dissoWe  in  caustic  potassa,  with  production  of  a  small 
t[liatitity  of  alkaline  sulphide :  the  filtered  solutions  mixed  with  excess  of  acid 
j^ye  i^r^ipitates  of  protein. 

The  following  is  the  composition  in  lOO  parts  of  vegetable  albumin  and 
ibrin:  it  will  be  seen  that  they  agree  very  closely  witii<he  results  beforie 
given :  — 

Albmnhi.  Fibrin. 

Carbon •        .    6501  64-60 

Hydrogen 7-28  7-30 

Nitrogen 16-92  16-81 

Oxygeuj  sulphur,  and  phosphorus  .        •        •    21*84  22-29 

100-00  10000 

The  composition  of  vegetable  casein,  or  legutnin,  has  not  been  so  well  made 
6tLi:  so  much  discrepancy  appears* in  the  analyses  as  to  lead  to  the  supposi- 
tion that  different  substances  have  been  operated  upon. 

The  great  bulk,  however,  of  the  solid  portion  of  the  food  of  the  herbivora 
consists  of  bodies  which  do  not  contain  nitrogen,  and  therefore  cannot  yield 
Bustenance  in  the  mattner  described:  some  of  these,  as  vegetable  fibre  or 
lignin,  and  waxy  matter,  pass  unaltered  through  the  alimentary  canal ;  others. 
as  starch,  sugar,  gum,  and  perhaps  vegetable  fat,  are  absorbed  into  the  system, 
and  afterwards  disappear  entirely:  they  are  supposed  to  contribute  very  largel;^ 
to  the  production  of  animal  heat. 

On  tiiese  principles.  Professor  Liebig^  has  very  ingeniously  made,  the  dis 
tinction  between  what  he  terms  plastic  eUmenta  of  nutrition  and  dements  oj 
mpiration  ;  to  the  former  class  belong 

Vegetable  fibrin. 
Vegetable  albumin, 
Vegetable  casein, 
Animal  flesh, 
Blood. 


To  the  latter, 

Fat, 
Starch, 
Oum, 
Gane-6«gary 


Orape-sugar, 
Milk-sugar, 
Pectin, 
Alcohol? 


>  Animal  Ohemistry,  p.  96. 
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OK   THE   FUNCTION  OP   NUTEITION   IH   THE  ANIMAL  AND 
VEGETABLE  KISQBOMS. 


^^H         Tm  eooitftnt  utd  nnee&ung  vastc  at  the  snitoal  bod;  tn  the  proeeat 

^^1  ritaUs  «B  vqoklljr  oonsUnI  repair  and  reoewai  of  the  whole  frame  b;  tbe 
poritioo  or  OT^uuntion  of  matter  from  the  btood,  which  it  thna  gndni 
MipoTtfUhed.  To  sappl;  this  de^ciencir  of  solid  material  in  the  circoladi 
fluid  ia  lb  office  of  tht  food.  The  <triking  contrast  which  at  first  appeani 
th«  MMn  of  tha  food  of  the  two  ireaC  classes  of  amm&Is,  (he  Tegeb  " 
fcadtn  and  the  ouiuTorom  nets,  dimiaiEhes  gresU;  on  close  eiaminati 
ll  «m  b«  sirtti  that,  so  far  as  the  materials  of  blood,  or,  in  other  words,  tl 
Rioted  lo  th«  r^iair  and  ^Etenaiice  of  the  bod;  itself,  are  coDcmted, 
]>n»ww  U  lh«  s«m«.  In  a  Be^-<aling  animal  great  simplicity  is  obsemd 
Mw  coBstnKtlMi  of  ike  digcstire  otfaas :  the  gtomuh  is  a  mere  enla^enl 
tt  A*  short  and  nmpte  alimantaiy  nnal ;  nod  the  reason  is  plain :  the  ' 
,   t  MhnwWMfc  iwh.  b  >h«DtiMr  t*ti— I  in  eomporition  with  its  owii  bl 

'*-**"""*""''■"  '  ""^~  -' risk.   Id  the  stomach  it  on 

„  „  ■  fitted  for  absorption  I7 

K  bj  whsik  il  IS  ■aarij  aB  takea  np,  and  at  once  coUTef  ed 

-      -  'lanlittlaasTthanlliceommini 

B  '■Uah  Ttftat  to  dissolTV  In 


'SS 


ANIMAt    MUT&ITIOK.  571 

faeent  like  horn ;  it  dissolres  rendily  in  dilate  caimtlo  ftllcall,  and  also  In  Aoetle 
add.  The  fibrin  of  other  grain  is  nnAcoompsnied  bj  glladln ;  barley  and  oat* 
meal  yield  no  glutin,  but  incoherent  filamente  of  nearly  pure  fibrin. 

Vegetable  albumin  in  a  soluble  state  abounds  in  the  Juioe  of  many  soft 
■uocnlent  plants  used  for  food :  it  may  be  extracted  from  potatoes  by  maoenk 
ting  the  &ced  tubers  in  cold  water  containing  a  little  sulphuric  acid,  II 
copulates  when  heated  to  a  temperature  dependent  upon  the  degree  of  e^>n* 
eentration,  and  cannot  be  distinguished  when  in  this  state  from  boiled  wbitt 
of  egg  in  a  diTided  condition. 

Almonds,  peas,  beans,  and  many  of  the  oily  seeds,  contain  a  jprinciple  wbieli 
bean  the  most  striking  resembhwee  to  t^e  casein  of  milk.  When  a  mAuiUm 
of  this  snbetaaee  is  heated,  no  coagulation  occurs,  but  a  skin  forms  on  tli# 
wnftce,  just  as  with  Ixnled  ndlk.  It  is  eoagulable  by  alcohol,  and  by  ac^tU 
iaod ;  tiie  last  being  a  character  of  iaiportance.  Suen  a  solution,  miiM^  witli 
m  fitHe  sagsr— an  emulsion  of  sweet  anaonds,  for  ioetaoce-'i«ft  to  itself,  #ooa 
and  eardy,  aad  exhaJee  an  ofeni^Te  MaeJl;  it  is  thifn  (f^md  Ut 


All  Acw  mJManom  SmtAwt  in  eaaal&e  potaeea,  wUh  pnAn^tUm  of  a  smmU 
q— ■tify  ef  allfiline  sulptade;  flie  WtUnd  adgtians  wumHA  with  ejiueess  ^  mM 
^va  jKBcqBtatca  of  proCeoLi 

~  CdkviBg  ia  tike  eotpoeltiffla  in  100  ytrU  of  v«g«iftUe  albuwin  uA 
It  wil  be  aeea  that  ^ej  auw  Tfty  ckMdy  wiii»4Uf»  MMiHe  te^t 


flf  ^egffteble  psamn,  er  /tyia,  jkkae  ima  bew  t^  w<*U  smmU 

sfipeare  in  ifae  wui^jt0»  m  U»  iend  t4i  tUf;  Mipf^Miir 

have  bees  yfmcsed  vytm. 

flf  ^&t  ao&d  jtfrtitni  of  tM  fi#vd  nf  iUr  JUerbiv^K^ 

'Wiadi  flb  sot  figntaan  nitrci^BBi,  aud  tfiiemfon;  <4rftfjvt  y^eM 

af  tiaebt.  lu-  v*:|;«uit»i<;  6W4  ar 

anahcaad  tbran^  tift  aiiuKeuUirv  ^tiaaki  \  n^iuvtk. 

aadpBida^  tfa<ao*  iai.  act;  ai«»(»rMi«  isiti,  tM  byataai . 

antinSy :  &cgr  asi;  ai^fpoMid  u*  aoiuriMm:  ear;;  f^W'^ 

r  IMid«t  tM 
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In  a  fleeb-eatiDg  uiimal,  the  waste  of  the  tiaauea  is  veiy  ra.pid,  tlie  tempM 
tstara  being,  u  it  were,  kept  up  in  great  measure  by  the  burning  of  ftiotii 
tnalter :  in  a  regetable  feeder  it  is  prob&bl;  not  bo  great,  the  non-a 
■Qbalnnoes  being  eansnmed  in  the  blood  in  place  of  the  organio  fabrio. 

When  tbe  muscular  moiementB  of  a  healthy  animal  are  re^truned,  a  gi 
temperatarc  tept  up,  and  an  ample  supply  of  food  oontaining  moch  amjl 
Mous  or  ally  matter  giren,  an  accumulation  of  fat  in  the  system  rapidly  '  '~ 
place :  this  is  well  seeo  in  the  case  of  stall-fed  cattle.  Od  tlie  other  '. 
VheD  food  is  defieient,  and  much  eieroise  is  taken,  emaciation  reaalta.  Thi 
affects  are  ascribed  to  differences  in  the  activity  of  the  respiratoTy  fnnctisa; 
Id  the  flrsl  instanoe,  die  beat-food  is  supplied  faster  than  it  is  consnmod, 
hence  aocumnlates  in  the  farm  of'  fat;  in  the  second,  tbe  ooDditioDB 
mersed,  and  tbe  creatnre  is  kept  in  a  state  of  leanness  by  its  rapid 
tion.  The  fat  of  an  animal  appears  to  be  a  proTision  of  nature  for  the 
tenance  of  life  during  a  certain  period  under  circumstances  of  privatior 

The  origin  of  fal  in  tbe  animal  body  has  at  one  time  been  made  the  w- 
of  much  animated  discussion.  On  the  one  hand  it  was  contended  that 
hctory  erideoce  exists  of  tbe  conversion  of  starch  and  sacobarine  snbst. 
Into  fat,  by  separation  of  carbon  and  oiygen,  the  change  somewhat  resemblini 
flint  of  tinous  fermentatioo;  it  was  argued,  on  the  other  side,  that  oily  or 
bitty  matter  is  invariably  present  in  the  food  supplied  to  the  domesIiD  aaimali^ 
knd  that  this  fat  Is  merely  absorbed  and  deposited  in  the  body  in  a  elightly- 
modifiod  state.  The  question  has  now  been  decided  io  favor  of  the  firtt  of 
these  views,  which  was  enunciated  by  Professor  Liebig.  by  the  very  chemilt 
irho  formerly  advocated  tho  sacond  opinion.  By  a  series  of  very  beantitiil 
experiments.  MM.  Dumas  and  Milne  Edwards  proved  that  bees  eiclnuve^ 
feeding  npon  sugar  were  still  capable  of  producing  wsjc,  wbioh  was  paintri 
out  as  a  veritable  fat 

The  food  of  animaU,  or  rallier  that  portion  of  the  food  which  is  deatiaed 
the  repair  and  renewal  of  the  frame  itself,  is  thus  seen  to  consist  of  sabstaninf 
laeotical  in  composition  with  the  body  it  is  to  noorish,  or  requiring  but  ]ii''~ 
chemical  change  to  become  so. 

The  chemical  phenomena  observed  in  the  animal  system  resemble  m 
those  produced  out  of  the  body  by  artificial  means,  that  they  are  all,  or  n« 
all,  so  far  as  is  known,  cbangea  in  a  descending  series.  Albumin  and  SI.  , 
txe  probably  more  complex  compounds  than  gelatin  or  the  membrane  whiA' 
ftmushes  it :  this,  in  turn,  has  a  far  greater  complexity  of  conatitation  thai 
area,  the  regnlar  form  in  which  rejected  aiotiied  matter  is  conveyed  out  of 
the  body.  The  animal  lives  by  tbe  assimilation  into  its  own  substance  of  thi 
moat  complex  and  elaborate  products  of  the  organic  kingdom;  —  product) 
which  are,  and,  apparently,  can  only  be,  formed  under  the  influence  of  v«» 
table  Ufe. 

The  existence  of  the  plant  is  maintained  in  a  manner  strikingly  dissimiluj 
the  food  supplied  to  vegetables  is  tchoUy  inorffanic;  the  carbonic  acid  lai 
nitrogen  of  tbe  atmosphere,  the  water  which  falls  as  rain,  or  is  deposited  >. 
dew;  tbe  minute  trace  of  ammoniacal  vapor  present  in  the  air;  the  alkali  and 
■aline  matter  extracted  from  the  soil ;  —  such  are  tho  suhstanoes  which  yield 
to  plants  the  elements  of  their  growth.     That  green  healthy  vegetables  de 

Soasess,  under  circumstances  to  be  mentioned  immediately,  the  proper^  of 
ecomposing  carbonic  acid  absorbed  by  their  leaves  from  the  air,  or  conveyed 
thitlier  in  solution  throngh  the  medium  of  their  roots,  is  a  fact  positively 
proved  by  direct  experiment,  and  rendered  certain  by  consi derations  of  a  very 
■tringent  kind.  To  effect  this  very  remarkable  decomposition,  the  influenet 
of  light  is  indispensable;  the  diffuse  light  of  day  suffices  in  some  degree,  hnl 
tbe  direct  rays  of  the  sun  greatly  exalt  the  activity  of  the  process.  The 
oarbon  separated  in  Ibis  manner  is  retained  in  the  plant  in  union  with  the 
Yemenis  of  water,  with  which  nitrogen  is  also  sometimes  deaooiated,  while  tk« 
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oxygen  is  thrown  off  into  the  air  from  the  leaves  in  a  pure  and  gaseous 
condition. 

The  effect  of  ammoniacal  salts  upon  the  growth  of  plants  is  so  remarkable, 
as  to  leave  little  room  for  doubt  concerning  the  peculiar  function  of  the  am- 
monia recently  discovered  in  the  air.'  Plants  which  in  their  cultivated  stat« 
contain,  and  consequently  require,  a  large  supply  of  nitrogen,  as  wheat,  and 
the  cereals  in  general,  are  found  to  be  greatly  benefitted  by  the  application  to 
the  land  of  such  substances  as  putrefied  urine,  which  may  be  looked  upon  as 
a  solution  of  carbonate  of  ammonia,  the  guano^  of  the  South  Seas,  which 
usually  contains  a  large  proportion  of  ammoniacal  salt,  and  even  of  a  pure 
sulphate  of  ammonia.  Some  of  these  manures  doubtless  owe  a  part  of  their 
Talue  to  the  phosphates  and  alkaline  salts  they  contain ;  still,  the  chief  effect 
is  certainly  due  to  the  ammonia. 

Upon  the  members  of  the  vegetable  kingdom  thus  devolves  tne  duty  of 
building  up,  as  it  were,  out  of  the  inorganic  constituents  of  the  atmosphere,— 
the  carbonic  acid,  the  water,  and  the  ammonia,  —  the  numerous  complicated 
organic  principles  of  the  perfect  plant,  many  of  which  are  afterwards  destined 
to  become  the  food  of  animals,  and  of  man.  The  chemistry  of  vegetable  life 
is  of  a  very  high  and  mysterious  order,  and  the  glimpses  occasionally  obtained 
of  its  general  nature  are  few  and  rare.  One  thing,  however,  is  manifest, 
Bamely,  the  wonderful  relations  between  the  two  orders  of  organized  beings, 
in  virtue  of  which  the  rejected  and  refuse  matter  of  the  one  is  made  to  con- 
stitute the  essential  and  indispensable  food  of  the  other.  While  the  animal 
lives,  it  exhales  incessantly  from  its  lungs,  and  often  from  its  skin,  carbonic 
acid ;  when  it  dies,  the  soft  parts  of  its  body  undergo  a  series  of  chemical 
changes  of  degradation^  which  terminate  in  the  production  of  carbonic  acid, 
water,  carbonate  of  ammon'A,  and,  perhaps,  other  f  roducts  in  small  quantity. 
These  are  taken  up  by  a  flresh  generation  of  plants,  which  may  in  their  turn 
serve  for  food  to  another  race  of  animals. 

*  Onsao  is  the  partlally-deoompofled  dung  of  birds,  fbnnd  in  immense  quantities  on  some  of 
the  barren  islets  of  the  western  ooast  of  Southern  America,  as  that  of  Peru.  More  recently, 
similar  deposits  tiaye  been  found  on  the  coast  of  Southern  Afirica.  The  guano  now  imported 
into  Kngland  from  these  localities  is  usually  a  soft,  brown  powder,  of  various  ffhades  of  color. 
White  qwdu  of  bone-earth,  and  sometimes  masses  of  saline  matter,  may  be  found  in  it.  That 
which  is  most  recent,  and  probably  most  yaluable  as  manure,  often  contains  undeoomposed 
uric  add,  besides  much  oxalate  or  hydrochlorate  of  ammonia,  and  alkaline  phoi>phate8,  and 
other  salts;  it  has  a  most  offinisiTe  odor.  The  specimens  taken  from  older  deposits  have  but 
little  smell,  are  darker  in  color,  contain  ao  uric  add,  and  much  less  ammoniacal  salt;  the  chitf 
components  are  bone^arth,  a  peculiar  dark-eolored  oqsanic  matter,  and  solubto  inorganic  laUa 
8e«al«>p.4Mb 
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HYDROMETER   TABLES. 


00MPABI80N   OF  THK   DEGREES   OF   BAUMS'S   HTDBOMETEB  WITH   TBI  RIAL 

8PECIFI0    GRAVITIES 

1.  For  liquids  heavier  than  water. 


Degrees. 

Spedfie 
Gravity. 

Degrees. 

Spedflc 
Gravity. 

Degrees. 

Bpedfle 
Gravity. 

0 

1000 

26 

1-206 

52 

1-520 

1 

1007 

27 

1-216 

58 

1-585 

2 

1018 

28 

1-225 

54 

1-551 

8 

1020 

29 

1-285 

55 

1-567 

4 

1  027 

§0 

1  -245 

>       56 

1-583 

5 

1084 

t       31 

1*266 

67 

1-600 

6 

1041 

82 

1-267 

68 

1-617 

7 

1048 

Zi 

1-277 

59 

1-684 

8 

1056 

8'< 

128{i        J 

60 

1-652 

9 

1063         ! 

85 

1-2^9 

61 

1-670 

10 

1070 

36 

1-310 

62 

1-689 

11 

1-078 

87 

1-321 

63 

1-708 

12 

1085 

88 

1  -333 

04 

1-727. 

18 

1-094 

39 

1-345 

65 

1-747 

14 

1101 

40 

1-357 

66 

1-767 

15 

1109 

41 

1  369 

67 

1-788 

16 

1-118 

42 

1-381 

68 

1-809 

17 

1126 

43 

1  -395 

69 

1-831 

18 

1134       ' 

44 

1-407 

70 

1-864 

19 

1148 

45 

1-420 

71 

1-877 

20 

1152 

46 

1-434 

72 

1-900 

21 

11 60 

47 

1-448 

78 

1-924 

22 

11 69 

48 

1-462 

74 

1-949 

23 

1  178 

49 

1-476 

76 

1-974 

24 

1-188 

50 

1-490 

76 

2-000 

26 

1-197 

51 

1-495 
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2.  Baum^s  IfydromeUrfor  liquids  lighter  than  water. 


D,^^ 

Spedfie 
GnTity. 

Degrees. 

Spedfie 
Gravity. 

Degrees. 

Spedfie 
GraTity. 

10 

1000 

27 

0-896 

44 

0-811 

11 

0-998 

28 

0-890 

45 

0-807 

12 

0-986 

29 

0-885 

46 

0-802 

13 

0-980 

80 

0-880 

47 

0-798 

14 

0-973 

34 

0-874 

48 

0794 

16 

0-967 

82 

0-869 

49 

0-789 

16 

0-960 

83 

0-864 

50 

0-785 

17 

0954 

34 

0-859 

51 

0-781 

18 

0-948 

33 

0-854 

52 

0-777 

19 

0-942 

86 

0-849 

53 

0-773 

20 

0-986 

87 

0-844 

54 

0-768 

21 

0-930 

38 

0-839 

55 

0-764 

22 

0-924 

39 

0-834 

56 

0-760 

23 

0-918 

40 

0-830 

57 

0-757 

24 

0913 

41 

0-825 

58 

0-758 

25 

0-907 

42 

0-820 

59 

0-749 

26 

0901 

43 

0-816 

60 

0-745 

These  two  tables  are  on  the  authority  of  M.  Francoeur ;  they  are  taken 

from  the  Handworterbuch  der  Chemie  of  Liebig  and  Poggendorff.     Baam^'f 

hydrometer  is  Tery  commonly  used  on  the  Continent,  especially  for  liquids 

'heavier  than  water.     For  lighter  liquids,  the  hydrometer  of  Cartier  is  often 

employed  in  France.      Cartier's  degrees  differ  bat  little  from  those  of 

Eaam6. 

In  the  United  Kingdom,  TwaddelVs  hydrometer  is  a  good  deal  used  for 

dense  liquids.     This  instrument  is  so  graduated  that  the  real  sp.  gr.  can  be 

deduced  by  an  extremely  simple  method  from  the  degree  of  the  hydrometer, 

namely,  by  multiplying  the  latter  by  5,  and  adding  1000 ;  the  sum  is  the 

•p.  gr.,  water  being  1000.     Thus  10^  Twaddell  indicates  a  sp.  gr.  of  1050, 

•r  1-05;  90«  Twnddell,  1450,  or  1-45. 

In  the  CustomH  and  Excise,  Sikes's  hydrometer  is  used. 
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OV  Dm.   DALTOH'f  TABLB  Of  THB  ■LASTIO  fOBOl  Of  TAPOUB  Of 

vmmaMwr  tbmfsbatubks,  szpilmsbd  ni  inohbs  of 


WATIB  Af 


TMnpcnitore. 

Temp«ratnre. 

Tempentore. 

Foroe. 

Foroe. 

Fotet. 

Fah. 

Cent. 

Fah. 

Cent 

Fah. 

Cent. 

820 

Oo-O 

0-200 

570 

180-88 

0-474 

90O 

820.2 

1-86 

88 

0«-56 

0-207 

58 

140.4 

0-490 

95 

850 

1-58 

84 

lo-l 

0-214 

59 

150 

0-507 

100 

870.77 

1-86 

85 

10-66 

0-221 

60 

150-5 

0-524 

105 

400.5 

2-18 

86 

2?'2 

0-229 

61 

i6o.l 

0-542 

110 

480-3 

2-53 

87 

20.77 

0-237 

62 

i6o-66 

0-560 

115 

460-1 

2-92 

88 

80-8 

0-245 

68 

170.2 

0-578 

120 

480-88 

3-33 

89 

80-88 

0-254 

64 

170.77 

0-597 

125 

510-66 

3-76 

40 

40.4 

0-263 

65 

I808 

0-616 

180 

540-4 

4-34 

41 

50 

0-278 

66 

I80.88 

0-635 

136 

570-2 

5-00 

42 

60-55 

0-288 

67 

190.4 

0-665 

140 

6O0 

5-74 

48 

60-1 

0-294 

68 

20<» 

0-676 

145 

620.77 

6-58 

44 

6° -66 

0-805 

69 

200.55 

0-698 

150 

65«-5 

7-42 

46 

70.2 

0-316 

70 

210.1 

0-721 

160 

710-1 

9-46 

46 

7"-77 

0-328 

71 

210-66 

0-745 

170 

760-66 

12-13 

47 

80-3 

0-339 

72 

22«-2 

0-770 

180 

820-2 

15-16 

48 

80 -88 

0-361 

73 

220.77 

0'796 

190 

870-77 

1900 

49 

90-4 

0-863 

74 

230.3 

0-823 

200 

930-8 

23-64 

50 

100 

0-875 

75 

280.88 

0-851 

210 

980-88 

28-84 

51 

100-55 

0-888 

76 

24«-4 

0-880 

212 

1000 

3000 

52 

lP-1 

0-401 

77 

250 

0-910 

220 

1040.4 

84-99 

58 

110-66 

0-415 

78 

950.5 

0-940 

230 

1100 

41-76 

54 

120-2 

0-429 

79 

260.1 

0-971 

240 

1150-6 

49-67 

55 

120-77 

0-443 

80 

260.66 

1-000 

250 

1210-1 

58-21 

56 

18°-8 

0-468 

85 

29044 

1-170 

300 

1480-88 

111-81 
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TABLE 

OV  THB  PBOPOBTION  BT  WEIGHT  OF  AB80LITT&  OB  BEAL  ALCOHOL  IN  100  PARTS 
OF   SPIRITS   OF   DIFFERENT   SPECIFIC   GRAVITIES.      (FOWNBS.) 


Sp.  Gr.  at  W> 
(lfi«>-6C). 

Per  cent. 

of  real 

Alcohol. 

0-5 

Sp.  Gr.  at  &0P 
(150-6C.) 

Per  cent. 

of  real 

Alcohol. 

Sp.  Gr.  at  OOP 
(160-6C). 

Per  cent. 

of  real 

Alcohol. 

0*9991 

0-9511 

84 

0-8769 

68 

0-9981 

1 

0-9490 

85 

0-8746 

69 

0-9965 

2 

0-9470 

86 

0-8721 

70 

0-9947 

8 

0-9452 

87 

0-8696 

71 

0-9930 

4 

0-9434 

88 

0-8672 

72 

0-9914 

6 

0-9416 

89 

0-8649 

78 

0-9898 

6 

0-9396 

40 

0-8626 

74 

0-9884 

7 

0-9376 

41 

0-8603 

76 

0-9869 

8 

0-9356 

42 

0-8681 

76 

0-9866 

9 

0-9336 

43 

0-8667 

77 

0-9841 

10 

0-9314 

44 

0-8633 

78 

0-9828 

11 

0-9292 

46 

0-8608 

79 

0-9816 

12 

0-9270 

46 

0-8483 

80 

0-9802 

13 

0-9249 

47 

0-8469 

81 

0-9789 

14 

0-9228 

48 

0-8434 

82 

0-9778 

16 

0-9206 

49 

0-8408 

83 

0-9766 

16 

0-9184 

60 

0-8382 

84 

0-9768 

17 

0-9160 

61 

0-8367 

86 

0-9741 

18 

0-9135 

62 

0-8331 

86 

0-9728 

19 

0-9113 

63 

0-8305 

87 

0-9716 

20 

0-9090 

64 

0-8279 

88 

0-9704 

21 

0-9069 

65 

08264 

89 

0-9691 

22 

09047 

66 

0-8228 

90 

0-9678 

23 

0-9025 

67 

0-8199 

91 

0-9665 

24 

0-9001 

68 

0-8172 

92 

0-9662 

26 

0-8979 

69 

0-8146 

98 

0-9638 

26 

0-8966 

60 

0-8118 

94 

0-9623 

27 

0-8932 

61 

0-8089 

96 

0-9609 

28 

0-8908 

62 

0-8061 

96 

0-9693 

29 

0-8886 

63 

0-803! 

97 

0-9678 

80 

0-8863 

64 

0-8001 

98 

0-9660 

81 

0-8840 

65 

0-7969 

99 

0-9644 

82 

0-8816 

66 

0-7938 

100 

0-9628 

88 

0-8798 

67 

F 
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Qnini  or  Anh^aniiu 
OU  PDUDd  Tro;. 

Csiboiuile  of  goda. 

Ditto  of  Uibia 

Ditto  of  BaryU 

Ditto  of  Slroutia 

IHlto  of  Lime 

Ditto  of  Magnenia 

EKtto(proto}  of  MaoganeB 

Hitlo  rproto)  of  Iron 

Sob-PhoB.  of  Lime 

Ditto  of  Alumina 

Sulphate  of  Potasiia 

Ditto  of  Soda. 

Ditto  of  Lithia. 

Ditto  oC  Lime 

Ktto  of  Strontia 

Ditto  of  Mugnesia 

Nitr.  of  Magnesia. 

Chlor.  of  Ammoninro 

Ktto  of  PotaBsium 

Ditto  of  Sodium 

Ditto  of  Lithiam 

IKtto  of  Calcium 

Ktto  of  M»Kae8imii. 

IHtIo  of  Barium.. 

Ditto  of  Stroatiam 

Bromide  of  Sodium 

Iodide  of  Sodium 

Fluoride  of  Calcium 

Alumina.. 

Silioa 

Total 


DR.   SCHWEITZER'S 


Culibad.  KsiM.  ObnBili- 

80625 
0-0405 
0-0022 


00065 
1-7776 
10275 

00048 


OOIM 
o'4S29 


(580-80 
Miihl.    128' 

bS-'ZC) 

Ther.     122= 

(60'C) 

BerieliuB. 


0-5915 
00028 
0-0120 


0-OOU 

fr'iiM 


KeBB.  IIT" 

(470-2C) 
Kr'an.   84* 

(28" -80) 
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TABLE  OF  ANALYSES 

Ain>   OF  THB   SARATOGA  OONO&E88   BPRINQ  OT  AMERICA 


Saratoga 

Gongrefls 

Spnxtg. 

Eissengen. 
BagosL 

Marienbad. 
Kreatbr. 

Aoschowiti. 

Ferdinandu- 

Bronnen. 

Eger. 
Vranieiuh 
Bnmnen. 

0-8261 

6-3499 
00868 

4-5976 
0-0607 

8-8914 
0-0282 

0-0672 
6-8631 
4-1165 
00202 
0-0173 

0-1379 

•••••• 

0-6592 
4-8180 
1-3186 
0-0121 
0-1897 

•••••• 

1-2540 

5-'6486 

••■••• 
00028 
2-9509 
20390 
2-0288 
01819 

28-'68'68 

••■••• 
0-0040 
8-0085 
2-2867 
00692 
0-2995 

•••f •• 
00040 

•••••• 

16-9022 

•••••• 

00028 

1-3601 

0-6040 

0-0322 

0-1762 ' 

0O172 

0-0092 

18-'3786 

•••••• 

0-1064 

00326 

1-6266 

19-6663 

• 

•••••• 

00364 
89-'8783 

3-6699 

•••••• 

10-1727 

6-7472 

•••••• 

6-9229 

•••••• 

0-1613 
00046 

0-8831 

•••••• 

0-*()069 
0-1112 

0-1609 

0-0023 
0-2908 

O-5623 

0-8548 

82-7462 

66-7186 

61-6417 

34-4719 

81-6670 

114 

96 

105 

146 

154 

60<»  (lO^C) 

680  (iio.(5C) 

63»  (110-6C) 

490  (90 -5C) 

540  (120-2C) 

Schweitzer. 

Struve. 

Berzelius. 

Steinman. 

BerzeUuf. 
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DR.   SCHWEITZER'S 

or  THB  PRUIGIPAL  miTBRAL  WATUl   OV  GBBKAITT 


Onlnf  of  AnhydroBt 

iBgredienta  fai 

On*  Poaod  Troj. 

PynMrnt 

BpaPMihoii. 

Padifaicni. 

Cftrbonato  of  Soda. 

■••.•• 

4-7781 
•••••• 

00864 

0-8218 

•••••• 

00110 
0-0814 
1-6092 
00067 
6-0266 
0-0164 
2-8684 

0'8460 

0-87*27 

0-6681 

0-7887 
0-8421 
0-0889 
0-2818 
00102 
00064 
0-0698 
0-0281 

0-3871 
0-8789 

12-8828 

••• ••• 

1-8667 
1-2988 

00061 

0-1267 

8-*2887 
0-0667 

Ditto  of  LithU 

IHtto  of  Baryta 

IMtto  of  Strontia 

Ditto  of  Lime • 

Ditto  of  Magnesia 

Ditto  (proto)  of  Manganese 

Ditto  (proto)  of  Iron 

Sab-Pnos.  of  Lime. 

Ditto  of  Alumina 

Sulphate  of  Potassa 

Ditto  of  Soda..... 

Ditto  of  Lithia. ; 

IHtto  of  Lime : 

Ditto  of  Strontia 

Ditto  of  Masnesia 

Nitr.  of  Masnesia. 

Chlor.  of  Ammoniam 

Ditto  of  Potassium 

Ditto  of  Sodium 

Ditto  of  lithium 

Ditto  of  Calcium ; 

Ditto  of  Magnesium 

Ditto  of  Barium 

Ditto  of  Strontium 

Bromide  of  Sodium 

Iodide  of  Sodium 

Fluoride  of  Calcium 

Alumina 

Silica 

Total 

16-4221 
160 

660  (180-8C) 
Struve. 

8-2691 
186 

60O  (lOoC) 
StruTO. 

18*9800 
186 

60O  (lOoC) 
Bischoir. 

Carbonic  Acid  Gas  in  100 1 
cubic  inches / 

Temperature  (P.) 

.  Analvied  by 
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TABLE  OF  ANALYSES 

AND  OF  THE   SARATOGA  OONGBISS   SPBIIVa  OF   AHKRICA,  Continued, 


Belters. 

Seidsehuti. 

PAUna. 

Kreasnaeh. 

Elisen- 
Bnmnen. 

Adelhekb- 
QueUe. 

4-6163 

•••••• 

•••■•• 
•••••• 

5-2443 
0-0902 

00014 

00024 

00144 

•••••• 

0-0387 

1*4004 

5*1045 

0*5775 

0-2058 

0-4703 

1*5000 

0-8285 

4-8045 

11812 

0-2980 

00032 

0-0072 

0-0012 

0*0095 

0-1496 

00121 

00007 

00117 

0-0026 

00020 

0-0088 

0*2978 

3-6705 
17*6220 

3*6000 
92-8500 

00066 

•••••• 

l'*1287 

r9500 

•••••• 

0-0347 

•••••• 

•••••• 

62-3535 

69-8145 

• 

•••••• 

•••••• 

5*9302 

0-2685 

0-7287 

0-1845 

12*9690 

54-6917 

28-4608 

•••••• 

0-0662 

•••••• 

•••«•• 

1*'2225 

14*7495 

9*7358 
0-2866 

••••«• 

•  ■•••• 

0-5494 
0-2304 
00024 

•••••• 

0-3060 
0-1500 

00018 

•••••• 

*• ••■• 
00086 

0-0166 

0*2265 

0-0900 

0-1320 

0*2355 

0-1922 

21*2982 

960188 

188-4806 

68*0190 

35-4739 

126 

20 

7 

12 

10 

68<»  (14«*5C) 

580  (140-5C) 

58«  (140*50) 

470  (8«*30) 

68«  (I40.6O) 

StniTe. 

Strave. 

Strove. 

Struve. 

Strove. 
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WBIOHTS  AND   MEASURES. 


480*0  grains  Troy  a=  1  oi.  Troy. 

487*6  '*         &=3  1  01.  AToirdapoidfl. 

7000*0  «  =1  lb.  AToirdapoidfl. 

67600  "         «  1  lb.  Troy. 


the  imperial  gallon  contains  of  water  at  OO^  (16O'60)  70,000-   graina 

The  pint  {\  of  gallon) 8,760* 

The  flaid-ounoe  (^  of  pint) 487*6 

The  pint  equals  84*66  onbic  inches. 


The  French  kilogramme  =  16,488*6  grains,  or  2*679  lb.  Troy,or 

2*206  lb.  aToirdupoids. 

The  fframmme      =  16*4886  gnuns. 

••    decigramme    =    1*6434      «« 

«    centigramme  =    0*1648       « 

'<    mOUgramme  =   0*0164      « 


The  m!ttre  of  France  =  89*87     inches. 
««    decimUre  =   8-987        << 

<«   tmUmUre  <=   0*894        «« 

<«    mmiatre  »   0  0894      «« 
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Aoetamide 894 
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ether 894 
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Add,  acetic 890 

anliydrons 392 
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althionic 882 

amalio 490 

amygdallo 463 

amido-bensoio  ....  434 

ancboic 431 
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anUotIo 444 

anisic 626 
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arsenic 810 

arsenions 809 
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aurio 818 

aiotio 140 
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Iwiudlio 439 
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anhydrous.    ....  484 
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carminic 620 

oerebrie 664 

oerotic 429 

cerotylic 429 

cetylic 429 

chelidonic 466 

cbloracetic 896 

chlorhydric 169 

diloric 163 

chlorocarbonic ....  148 
chlorochromio  ....  287 
oblorohyponitrio  .  .  .161 
cbloronaphtbalic  .  .  .'639 
cblorooitrous  ....  161 
dilorophenisic  ....  636 
chlorophenusic.  .  .  .  637 
cblorosalicylous  .  .  .  443 
chlorosulphuric    .    .    .  154 

chlorous 162 

cbolalic 664 

oboleio 664 

cbolic 664 

choloidinic 664 

cbrysammic 622 

cbrysanilio   .    .    .   498,617 

chrysolepic 622 

durysophanio    ....  620 

chromic 286 

dnnamio 446 

dtraoonic 463 

dtrio 461 

oobaltic 289 

codnic .......  428 

oomenic   ......  466 

croconio    ......  864 

cumaric 446 

cumio 441,626 

^anic 466 

cyanuric 467 

delpbinic 430 

dextro-racemio ....  451 

dialuric 482 

dinitro^thylie  ....  886 
disuIpbomethoUo .    882,  896 

dithionic 168 

draconlo 626 

elaidic 428 

ellagic 458 

equisetio 452 

eiythrio 617 

ethalic 629 

etbionic 882 

euchronio. 863 

euxanthic 622 

evemic 619 

everDinic 619 

ferric 279 

formic 400 
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formobenaole   .        .    . 

fulminic 468 

fulminnric   .    .         .    .  470 

ftomaric 464 

gallic 466 

gluoic 864 

glyceric 416 

glyoo-benaoio  ....  440 
glyco-cholalic  ....  664 
glyoo-byo-cholalio .  .  .  666 
glycolic  ....  898,640 
glyoxalic  add   ....  890 

bemipinia 487 

hippuric 489 

regeneration  of  .  .  .  440 
hydrobromia  ....  165 
hydrochloric.    ....  160 

hydrocyanic 460 

hydroferricyanio  .  .  .  474 
hydroferrocyanic  .  .  .  471 
hydrofluoric  ....  107 
bydrofluosilidc     .    .    .  160 

hydroleic 428 

bydromaigaric ....  428 
hydromargaritic  .  .  .  428 
hydrosuliiliocyanio  .  .  476 
hydrosulphurio.    .    .    .  182 

hyocholalio 666 

hyocholic 666 

hypochlorie 168 

hypochlorous    ....  162 

hyponitric 148 

hypophosphorous .  .  .  167 
hyposnlphuric .    .    .    .  168 

sulphuretted.  ...  168 
hyposulphuious  .    .    .  153 

igasuric 489 

indinic 516 

inosinic 662 

itaconio 458 

Iodic 167 

iodo-snlphiulo  ....  164 
insolinic  ......  441 

isatinle 616 

Isethionie. 86t 

japonic 467 

kakodyllo. 409 

kinic 465 

lactic 868 

lecanorlc 517 

levo-raoemle 461 

lithlc 470 

litbofellink 666 

malamio 458 

maleic 464 

malic 458 

manganic 2X^ 

xn^T^SKcNn  .......  ^a^ 
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Algaroth,  pcwd«r  of     .    .  807 

Alixarin 621 

Alkalimeter 246 

Alkalimetry 244 

Alkalies  .......  236 

Alkaline  earths   ....  266 

Alkaloids 486 

arUfidal 492 

Alkargen 410 

Alkaraia 407 

Allantoin 479 

Alloxan 480 

AUoxanio  add 480 

Alloxantin 482 

Alloys  of  copper  ....  296 

Allyl  series 411 

alcohol     ......  412 

oxide  of 413 

sulphide  of 413 

snlphocyanide  of  .    .    .  413 
Almonds,  oU  of  bitter  .    .  433 

Aloes 622 

AlphaoTsellic  acid    .    .    .  618 

Althionic  acid 382 

Alums 267 

Alum,  common    ....  267 

Roman 267 

Alumina 266 

acetate  of 893 

analytical  remarks   .    .  268 
silicates  of    .  - .    .    .    .268 

sulphate  of 267 

Aluminium 266 

chloride  of 267 

sulphide  of 267 

Alum  stone 267 

Amalgam,  ammoniacal     .  261 

Amalgams 324 

Amalgamation     ....  314 

Amalic  acid 490 

Amarine 607 

Amber     . 629 

Amidin 357 

Amidogen 253 

Amidogen-bases    ....  494 

Amines 494 

Ammelide 477 

Ammeline 476 

Ammonia 181 

acetate  of 392 

alum 267 

analytical  remarks  on  .  253 

bensoate  of 434 

carbonates  of    ...    .  262 

oyanate  of 467 

nitrate  of 252 

oxalate  of 861 

purpurateof     ....  488 

sulphate  of 262 

sulphites  of 263 

tartrates  of 449 

urate  of 480 

Ammoniacal  amalgam     .  251 

Ammonium 261 

chloride  of 251 

cyanide  of  ,  .  .  .  .  466 
ferrocyanide  of.  .  .  .471 
Bulphocyanide  of  .    .    .  474 

sulphides  of 252 

Amorphous  phosphorus  .  166 

AmideH,  new 827 

Amidobensoic  acid    .    .    .  484 
Amygdalio  acid    ....  463 


Amygdalin 468  i  Atacamite 
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Amylaceous  group  .    .    .  861 

Amyl  and  its  compounds    416 

series,  bases  of  the    .    .  498 

Amylamine 498 

urea 498 

Amyl-ammonia    ....  498 

Amylene 417 

bromide  of 418 

Amyl-glyool 418 

Amylene-alcohdl  ....  418 
Amylic  ether  .....  416 

mercaptan 417 

Amylotriethyl-emmoniumy 

oxide  of 498 

Analdme 268 

Analysis,  ultimate,  of  or- 
ganic bodies  .....  838 
Analysis  of  hydrates  and 
carbonates  of  the  alka- 
lies     244,248 

Analytical  method  of  che- 
mical research  .    .    .  888 

Anatase 806 

Anhydrous  adds  232,392,434 

Anilic  add 616 

Aniline 498 

homologues  of  ...    .  602 

-urea 602 

AniloUc  add 444 

Animal  heat 642 

body,  components  of     .  643 
Aniseed,  oil  of     ....  624 

Anisic  add 624 

Anisoin   .......  626 

Anisol     .    .    .     626,627,636 

Anisic  alcohol 626 

Anisidiue 626 

Anisyl,  hydride  of   .    .    .626 
Anthranilio  add  ....  617 

Antiarin 491 

Antimonic  add    ....  806 

Antimony 806 

bases 610 

crude 807 

explodye 806 

potassa,  tartrate  of  .    .  449 

Aqua  regia 161 

Arabin 869 

Archil 617 

Archimedes  theorem    .    .    41 

Argand  lamp 178 

Argol 448 

Aridne 489 

Arragonite 260 

Arrow  poison  of  Central 

America 491 

Arrowroot 858 

Arsenethyl  ....   887,  611 

Arsenic  add 310 

Arsenic    and     its     com- 
pounds  809 

analytical  details  .    .    .  311 
detection  in  organic  mix- 
tures      312 

Arsenic  bases 611 

Araenious  add     ....  310 
Arterial  blood      ....  652 

AsKafoetida 522 

Aopnragin    .    .    .       458,  492 

Asparticacid 463 

Asphaltene 640 

Asphaltum 640 

Astatic  needle 116 
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Atmosi^eM,  themlcal  t»> 

lations  of 187 

composition    and    ansr 

lysis 187, 189 

physical  constitution  of    48 

purifying 90 

Tapor  of  water  in  ...  74 
Atmospheric  electridty  .  118 
Atomic  theory  ....  202 
Atomic  weight     ....  202 

Atoms 202 

Atropine 491 

Attenuation  of  wort     .    .867 

Attraction 208 

Augite 266 

Auric  add 818 

Ausohowits,  water  of  .    .  681 
Axes  of  crystals   .    .    .    .226 

Axinite 268 

Aiobensol    .......  436 

AsoUc  add 140 

Aaotised  substances,  an»> 
lysis  of 842 


Badian  oil 625 

Balenic  add 422 

Balsams 629 

Balsam,  Canada  ....  630 
copaiba     ......  680 

Peru 680 

Tolu 680 

Barilla 248 

Barium 265 

chloride  of 265 

sulphide  of 266 

Barley  sugar 862 

Barometer 60,  62 

Baryta  and  its   hydrate,  266 
analytical      remarks 

on 266,268 

nitrate  of 266 

sulphate  of  .  - .    .    .    .266 

Bases •    .  126 

from  aldehyde  ....  606 

amidogen- 494 

from  animal  oil     .    .    .  607 

antimony- 610 

organic,  containing  chlo- 
rine   499 

from  coal-tar  oil   .    .    .  606 
of  the  ethyl-series     .    .  494 

imidogen- 494 

arsenic- 611 

artifldal,        containing 

mercury 324 

methylated    and    ethy- 
lated    derivatiTes     of 

natural 604 

mixed  artifidal     .    .    .  6U3 

nitrilft- 494 

from  Tolatile  oils  by  am- 
monia    607 

organic 486 

orij^nic  artificial    .    .    .  492 

phosphoruA- 600 

containing  platinum     .  327 

Bassorin 359 

Battery,  constant     .    .    .  218 

dissected 212 

Baum6's  hydrometer    674,  §76 

Bay  salt 250 

Bechamp's  process    .    .    .  499 
Beer MB 
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sulphuric         •    •    •    .  878 
sulphurous      •    .    •    .  873 

valeric 418 

Etberin 879 

Etherole 870 

Ethers,  compound   .    •    .  871 
of  fatty  adds     ....  426 

^thionio  acid 388 

Ethyl 871 

arsen- 887,511 

bism- 387 

bromide  of 872 

chloride  of 372 

cyanide  of 372 

formula  of 871 

hydrargyr- 887 

iodide  of 872 

oxide  of 870 

oxide  of,  acetate    .    .    .  894 
oxide     of,     compounds 

with  acids,  see  ether  .  371 
oxid»  o^  cyanate  of  .  .  468 
oxide  o4  cyanurate    .    .  468 

rilumb- 387 

potassium 386 

-series,  bases  of 

sodium 880 

stann- ofJb 

stib- 387,510 

sulphide  of 872 

'theory 371 

zinc- 385 

Etbylamine 494 

•urea 495 

Etbylamylaniline  ...  504 
Ethyl-ammonia   ....  494 

Vthylaniline 503 

Ethylene 379 

Vthylene-alcohol ....  397 
Ethylene-aniline  ....  503 
Xtbylophenylamine  .  .  503 
Ethylo-toluidine  ....  503 
Ethyl-oxamide     ....  495 

Eucalyne 355 

Euchlorine 168 

tuchrone 363 

Euchronio  acid  ....  363 
Tludiometer ....   283, 138 

Jfiuclase 269 

Eupione 632 

Xuxanthic  acid    ....  522 

Euxanthone 622 

ETaporation 71 

Eyernio  acid    .    .  ^.    .    .  M9 

KTeroinic  acid 519 

pyemia  prunastri    .    .    .  519 
Ixpansion  by  heat  ...    53 

of  fluids 53 

of  gases 61 

power  of 46 

of  solids 53 

fesudation  fluid .    .    .    .567 

F. 
Fachingen,  water  of    .    .  582 

Fats 423 

Fatty  adds 424 

Fecula 856 

Felspar 268 

Fermentation 364 

butyric 368 

lactic 368 

vinous 364 

tiscous 360 
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Ferments 864 

Ferricyanide  of  hydrogen  473 

Ferricyanides 473 

Ferricyanogen 473 

Ferridcyanogen   ....  473 

Ferrocyanides 471 

Ferrocyanogen     and    its 

compounds  ....  470 
Fibrin.  ...  544,545,570 
Fire,  blue 308 

-damp 172 

red  and  green  ....  257 
Flame,  structure  of .    175, 177 

Flint«lass 271 

Fluids,  expansion  of    .    .    58 
Fluoride  of  boron    . 

of  caldum   .    .    . 

of  silicium  .    .    . 

Fluorine 167 

Fluor-spar SM 

Food 9fO 

Formates 405 

Formic  add 404 

ether 405 

Formo-benioic  add  .    .    .  438 

-methylal 406 

Formulae 347 

empirical 847 

rational 347 

Formyl-aniline     ....  501 

Frangulin 522 

Frendi  weights  and  meas- 
ures   585 

Frigorific  mixtures  ...    66 

Fruit-sugar 353 

Fucusamide 607 

Fucusine 507 

Fucusol 507 

Fulminates 468 

Fulminating  silver  of  Ber- 

tbollet 817 

Fulmhiic  add 468 

Fulminuric  add  ....  470 

Fumaramide 454 

Fumaricadd 454 

Furfiirine 507 

Furfurolamide     ....  507 

Furfurole 607 

Furnace,  reyerberatory    .  177 

for  combustion     .    .    .  840 
Fusel-oU 416 

of  spirit 420 

Fusibility  of  metals.    .    .218 

Fusible  metal 293 

Fustic  wood 522 

O. 

OadoUnite 269 

Galena 296 

Gallates 458 

Gallic  add 457 

Galls,  nut 458 

Galvanism 115 

Chilvanometer 99 

Galvanoscope 116 

Garandn 521 

Garlic  oU  of 528 

Garnets 268 

Gas,  coal,  and  oil ...    .  174 

olefiant     ....   173,379 

Gases,  diffusion  of    •    .    .  129 

expansion  of 61 

physical  constitution  of     46 
specific  heat  of .    ...    79 


PAA 

Gas-holder 194 

Gkusterase 668 

Gastricjuioe 668 

Gai#heria     procumbens, 

Foirttf 626 

Gelatift 648 

-sugar 648 

Gentianin 491 

German  silver 288 

G^ser  springs  of  lodand ..  136 

Gilding 310 

Glass,  colored 272 

manufacture  of    ...  270 

variety  of 270 

soluble     .    k    ....  272 

Glauber*s  salt 248 

Gliadin 670 

^obulin 648 

Made  add 354 

Gludnum 269 

Glucose 368 

Glue 650 

Gluten 856,670 

Glutin 356 

Glyceric  add 414 

Glycerin  .    .    .     414, 424»  426 

-compounds 427 

Glyco-benzoio  add  .  .  .  440 
Glycocine  ....  649,564 
Glyoocoll  .  .  396,649,564 
Glyco-cholalic  add  ...  566 
Glycogenic  substance  .  .  660 
Glyoohyocholalio  add  .    •  565 

Glycol 387 

Glycolamide 440 

Glycolic  acid 440 

Glycyrrhizin 854 

Glyoxal 398 

Glyoxalic  add 898 

Goniometry      .        ...  228 

Gold,  analytical  remarks .  318 

and  its  compounds    .    .  317 

cyanide  of 466 

•dust .317 

-leaf 319 

standard  of  England  .319 
Goulard  water  ....  394 
Gouty  concretions    .    .    .  470 

Granite 268 

Grape  sugar 858 

compounds  of  ...    .  364 

Graphite 146 

Gravitation 40 

Gravity,  specific   ....    30 

of  metals 217 

Green  fire 257 

Greenokite 292 

Green  salt  of  Magnus  .  .  226 
Groups,  isomorphoua  •  .  281 
Grove's  battery    ....  214 

Guanine 484 

Guano 484,678 

Gum 869 

arabic 850 

benzoin    ....   488,630 

British 868 

of  cherry  tree   .    .    .    .860 

tragacanth 869 

Gun-cotton 863 

Gun-metal 290 

Gunpowder 288 

Gutta  percha  .  ...  680 
Gypsum 860 
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HauludlM  '.    '. 
Hippnrlo  add  . 
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tMttn 8&5 

Laetone 369 

LMtose 365 

Lake 613 

Lamp,  ar^nd 178 

Lamplaok 146 

Lamp,  flame  of    ....  177 

gas- .    « 179 

lafety 180 

spirit- 178 

without  flame  ....  889 
Land    and    sea    breeses, 

cause 97 

Lantbanium 269 

Lapis  lazuli 260 

Laughing-gas 142 

Laumonite 268 

Laurel  oU 624 

Lead 296 

aioetates  of    .    .    .    4  .  393 

alloYsof 299 

analytical  remarks  on  .  299 

binoxide  of 297 

-plaster 420 

protoxide  of 297 

red 297 

sugar  of 393 

•tree 216 

Tanadate  of 308 

white 298 

Learen 368 

Lecanora  parella .    .    •    .  619 

tartarea 617 

Lecanoric  add 617 

L^umin 671 

Lepidine 606 

Leucine 647,649 

Leuooline    ....    606, 636 

Leukol 606 

Lero-raoemic  add     .    .    .  461 

Lejdenjar 112 

licbens 617 

light 83 

blue  or  Bengal ....  308 

diemical  rays  of  ...    91 

Lightning  rods    ....  113 

Light,  polarised  ....    87 

Lignin 369 

Lignite 639 

L^oon* 407 

Lime 258 

acetate  of 393 

analytical  remarks   .    .  263 
earbonate  of     ....  260 

diloride  of 261 

lactate  of 369 

malate  of 463 

oxalate  of     .    .        .    .  362 
phosphates  of  ...    .  261 

sulphate 269 

snlphoTinate  of    .    .    .  376 

tartrate  of 449 

Uaiestone 260 

Uquefigiction  of  gases    .    .    74 

^carbonic  add     .    •    .  147 

Uqa<Moe  sugar  ....  364 

Litharge .  297 

Uthia 264 

Uthie  add 479 

Utbium 264 

UtboMlinio  add ....  666 

Utmua 617 

ioadstooe    .    .        .103,279 

.362 
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Logwood 622 

Lophine 608 

Lupulin 367 

Lungs 668 

Lutidine 606 

Lymph 667 

M. 

Madder 620 

Magnesia 263 

alba 264 

analytical  remarks  on  .  266 
carbonate  of     ....  264 
phosphate  of     ....  264 
of  magnesia  and  am- 
monia     266 

silicates  of 266 

sulphate  of 264 

Magnesium 263 

chloride  of 264 

Magnetism 102 

Magneto-electridty  .  .  .  118 
Magnus,  green  salt  of  .    .  326 

Malachite *  .  296 

Malamioacid 463 

Malamide 453 

Malates 463 

Maleic  add 464 

Malic  add 463 

MalleabUity  of  metals  .    .  218 

Malting 366 

Manganese  and  its  Qom- 

pounds 274 

assay  of 277 

Manganite 276 

Manna  sugar 358 

Mannite 363 

Manures 673 

Maple,  sugar  firom   .    .    .  852 

Marble 260 

artificial  colored   .    .    .259 
Maro-  brandy,  ftisel-oil  of.  410 

Margaric  add 426 

Margarin 426 

Margarone 426 

Marienbad,  water  of    .    .  581 

Mariotte's  law 60 

Marsh's  apparatus  .    .    .  313 

Marsh  gas ,  172 

Marsh  mallow 492 

Marls 268 

Massicot 297 

Mastic 629 

Measures.    .....  686,686 

Meat 670 

Meconio  add 464 

Meconine 487 

Meerschaum 266 

Melam 476 

Melamine 476 

Melaniline 601 

Melanic  add 443 

Melasinio  add 864 

Melissio  add 422 

alcohol     ....   421,  429 

Mellite 868 

Mellitic  add 863 

Melitose 366 

Mellon 477 

its  compounds  .    .    .      477 

Mellonides 477 

Membraneous  tissue  .  666 
Membranes,  mucous  .  667 
Mercaptan  ....        .  384 
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methyl* 406 

Mercury 8l0 

acetates  of 894 

analytical  remarks  on  .  324 

cyanide  of 465 

fulminate  of 469 

its  compounds  ....  820 
Meridian,  magnetic .    .    .  105 

Mesitilol 897 

Mfwityl 897 

Mesotype 268 

Mesoxaiicadd 481 

Metaoetone 897 

Metacetonic  add ....  411 

Metaldehyde 389 

Metagallic  add    ....  459 

Metals 217 

dassification     ....  234 

physical  properties  of  .  217 

Metamargaric  add  .    .    .  4316 

MetapMtibi 869 

Metapectic  add  ....  369 
Metaphosphoric  acid    .    .  232 

Metastyroi 631 

Meteorites 277 

Methionioadd     ....  888 

Methyl 400 

Methylated  spirit     ...  400 
acetate  of.    ....    .  403 

formateof 403 

Methylamine 497 

*urea 497 
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